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of “PERFECT ALIGNMENT 





Buy the Pump Unit with the 
-PIECE FRAME! 


® No alignment problems. 





NEW PUMP FILMS 


@ No extra parts to buy. 


@ Less space required than for ordinary base 
mounted units. 


| Speer IS OF RIGID cast iron construction with no joints from motor 
end housing to pump casing. 

On the other hand, close-coupled doesn’t mean “cramped.” There's 
plenty of space between pump and motor for packing maintenance or 
replacement. 

In addition, wearing rings and shaft sleeves protect casing and shaft 
from wear and are easily replaced at low cost when worn. As a result you 
will find maintenance costs very low. 

Talk over your pump selection problems with your Allis-Chalmers 
authorized distributor or district office, or write Allis-Chalmers, Milwau- 
kee 1, Wisconsin for Bulletin 52B6140. A-3810 


Electrifugal is an Allis-Chalmers trademark. 


ALLIS-CHALMERS 


See new series of 3 sound-slide 
films, widely praised by educa- 
tional and industrial groups. 
Get practical, instructive infor- 
mation on theory, application, 
installation and maintenance of 
centrifugal pumps. Series is de- 
signed for showing to mainte- 
nance meetings, plant groups, 
and engineering societies. Ar- 
range now for a showing! Call 
your nearby Allis-Chalmers 
authorized distributor or dis- 
trict office. Or write Allis- 
Chalmers, Milwaukee 1, Wis. 
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Cher the Foted 


Look Ma, No Jets 


In spite of all the talk about jets 
and the atomic age. the world’s 
work still relies on such old-fash- 
ioned principles as piston engines 
and chemical reactions. A recent 
swing around the country by the 
Editor, with stopovers in Denver, 
Seattle, San Francisco, Los An- 
geles and back to Cleveland was a 
marvel of speed and (almost) 
clock-like timekeeping—all done 
with piston engines both in the 
DC-6’s and jn the airport limou- 
sines. The experience prompts the 
thought that whereas jets could 
have cut the flight time they 
couldn’t have influenced the ground 
time—especially waiting for bag- 
gage. Seems like the engineers are 
too many jumps ahead of the rest 
of the world. 


“A New Door on 
American Thinking" 


While we usually accept or re- 
ject articles on the basis of a thor- 
ough review by the editors, occa- 
sionally we feel that the opinion 
of a recognized authority, intimate- 
ly familiar with a particular field, 
would be of value. Such was the 
case with Dr. Eugene Radzimov- 
sky’s article, “Bolt Design for Re- 
peated Loading” on Page 135. We 
thought you might be interested in 
this comment, from a nationally- 


known chief engineer of one of the 
larger fastener manufacturers: 
“His work is basic and needed by 
practical men like myself to build 
on for practical application. . . . I 
certainly hope you can publish 
this article since its background 
of Russian and German engineer- 
ing opens a new door on American 
thinking. While some of his think- 
ing contradicts our established line 
of thought, it is mainly supple- 
mentary and, therefore, particu- 
larly valuable.” 


Clutches 


Tony Gagne’s extensive article 
on “Clutches” which appeared in 
our August issue as a special sec- 
tion has attracted many favorable 
comments and requests for addi- 
tional copies. Previous experiences 
in running out of print on popular 
articles have taught us the wis- 
dom of raising our sights on ex- 
pected demand. Consequently, for 
once, we have a good supply on 
hand. Copies are yours for the 
asking. 


This Month's Cover 


Usually our cover pictures illus- 
trate or symbolize an article with- 
in the same issue. Occasionally, 
however, a picture so striking, so 
appropriate to our field and so well 
adapted to our cover design comes 
to our attention that we just can’t 
resist sharing our pleasure in it. 
This month’s cover is such a one. 
The three jet bombers seen against 
the deep blue of the substrato- 
sphere are Boeing B-47’s, symboliz- 
ing the complexity and high per- 
formance of today’s machines. 
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Design—General 





Axially loaded cylinders, Edit. 169 
Bolt design, Edit. 135 

Employment agreements, Edit. 114 
Engineering efficiency, Edit. 106 
Hydraulic accumulators, Edit. 147 
Impact strength of plastics, Edit. 159 
Plug welds, Edit. 152 

Precision springs, Edit. 154 

Quality control, Edit. 161 

Regulator performance, Edit. 173 
Simplified gear design, Edit. 125 
Surface finish, Edit. 286 

Tubular sections, Edit. 117 


Engineering Department 


Drafting room: 
Equipment, Edit. 186, 188, 190; Adv. 
59, 232, 242, 347 
Supplies, Adv. 232, 306, 352 
oe, Edit. 106, 114, 161;Adv. 
Research and experimental, Edit. 112, 
188, 190; Adv. 205, 343 


Finishes 


Enamel, Adv. 344 
Protective coating, Edit. 181; Adv. 
224, 331 
Materials 


Aluminum alloys, Adv. 30, 101 

Brass, Adv. 98, 269 

Bronze, Adv. 98, 257, 269 

Carbon and graphite, Adv. 209 

Clad metals, Adv. 265 

Copper alloys, Adv. 269, 359 

Cork, Adv. 314 

Felt, Adv. 256 

Friction materials, Adv. 96 

Glass, Adv. 16 

Insulating, Adv. 12 

Molybdenum alloys, Adv. 359 

Nickel alloys, Adv. 359 

Plastics, Edit. 175, 182; Adv. 13, 69, 
72, 217, 296 

Rubber and synthetics, Adv. 18, 248, 
285, 314 

Stainless steel, Adv. 334, 337 

Steel, Adv. 330 

Tin, Adv. 38 

Zinc, Adv. 340 


Parts 


Balls, Adv. 273, 288 
arings: 
Ball, Edit. 216; Adv. 6, 32, 46, 67, 
192, 274, 305. 345, 350 
Needle, Adv. 277 
Roller, Edit. 178; Adv. 46, 64, 92, 
192, 262, 282. 320. 348 
Sleeve, Edit. 177, 265; Adv. 73, 183, 
203, 298 
Bellows, Adv. 24 


Belts: 


Conveyor, Adv. 218 
Transmission, Adv. 22, 80, 86, 96, 
261, 283 
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Brakes, Adv. 14, 74, 513 
Cams, Adv. 55 

Carbon and graphite parts, Adv. 209 
Castings: 

Centrifugal, Adv. 40, 346 

Die, Adv. 48 

Investment, Adv. 185, 219 

Permanent mold, Adv. 48 

Sand, Adv. 255, 273, 315, 327 

Chains: 

Conveyor, Adv. 94 

Transmission, Adv. 25, 49, 82, 94, 
247, 307 

Clamps, Adv. 287 

Clutches, Edit. 113, 180; Adv. 14, 208, 
270, 291, 313, 351 

Controls (see Electric, etc.) 

Counters, Adv. 66, 351 

Couplings, Adv. 82, 236, 319 

Drives, adjustable-speed, Edit. 184; 
Adv. 78, 99 

Electric accessories: 

Brushes, Adv. 212 

Brush holders, Adv. 355 

Connectors, Edit. 182; Adv. 234, 346 

Conductive coatings, Adv. 348 

Electric controls: 

Contactors, Adv. 263 

Control assemblies, Edit. 176, 179, 
181; Adv. 28, 47, 80, 299, 310, 
back cover 

Relays, Edit. 181, 182, 214; Adv. 
104, 187, 276, 324 

Starters, Adv. 263, 295 

Switches, Edit. 177, 178, 179, 182, 
184; Adv. 26, 36, 345, 355 

Thermostats, Adv. 68, 316 

Electric generators, Adv. 253, 299 
Electric motors: 

Fractional and integral hp, Edit. 
113; Adv. 36, 60, 70, 76, 80, 84, 
191, 239, 243, 253, 272, 275, 349 

Gearmotors, Adv. 56, 60, 76, 191, 
271, 279, 284, inside back cover 

Miniature, Edit. 176; Adv. 1, 344, 
353 

Engines, Adv. 300 
Fasteners: 

Inserts, Adv. 45, 244, 258, 298, 349 

Locking, Adv. 11, 258, 281, 317, 318 

Nuts, bolts, screws, Edit. 135; Adv. 
35, 53, 63, 65, 79, 214, 258, 343 

Pin, Edit. 184 

Rivets, Adv. 286 

Felt parts, Adv, 204, 256 

Filters and screens, Edit. 112; Adv. 
44, 350 

Fittings (pipe, tube and hose), Adv. 
50. 225, 237, 249, 336 

Forgings, Adv. 349 

Gages, pressure, etc. (see also instru- 
ments), Edit. 216: Adv. 43 

Gears, Edit. 125, 180; Adv. 19, 62, 
242, 246. 251, 332 

Heaters, Edit. 151 

Heat exchangers, Edit. 181; Adv. 290 

Hose, metallic, Adv. 333, 352 

Hydraulic equipment: 
Accumulators, Edit. 147 
Cylinders, Edit. 218; Adv. 200, 211, 


216, 241. 297 
Motors, Edit. 177; Adv. 9, 292 


MACHINE DESIGN is indexed in Industrial Arts and Enginmering Index Service, both available in libraries generally. 








design problems 






Pumps, Edit. 112, 214; Adv. inside 
front cover, 9, 21, 42, 200, 280, 
292, 304, 350, 352, 353, 357 

Systems, Adv. 238 

Valves, Adv. 8, 200, 211, 241, 351, 
352, 353 

Instruments, Edit. 176, 177, 178, 180 
Joints, swivel, Adv. 309, 351 
Lubrication and equipment, Edit. 175, 

180; Adv. 189, 215, 239, 254, 325, 

328, 360 

Machined parts, Adv. 90, 284 

Mountings, vibration, shock, Adv. 206, 
294 

Pipe, Adv. 10, 50 

Plastic parts, Edit. 180; Adv. 13, 72, 
296 

Pneumatic equipment: 

Controls, Edit. 175; Adv. 245 

Cylinders, Adv. 211, 216, 235, 241, 
266, 297 

Motors, Edit. 177, Adv. 288 

Pumps, Adv. 347 

Valves, Edit. 175; Adv. 8, 211, 241, 
304, 351 

Powder metal parts, Edit. 268; Adv. 

234, 252 

Pulleys and sheaves, Adv. 22, 80, 347 

Pumps (see also Hydraulic and Pneu- 
matic), Adv. 21 

Reducers, speed, Edit. 176, 218; Adv. 
197, 226, 302, 341, 353 

Rings, retaining, Adv. 57, 213 

Rubber and synthetic parts, Adv. 20, 
210, 223, 248, 278, 285, 308 

Seals, packings, gaskets, Edit. 176; 
Adv. 2, 5, 96, 195, 196, 198, 204, 
215, 314, 322, 326, 345 

Shafts, Adv. 250 

Shapes, special, Adv. 103, 303, 329, 
348 


Shims, Adv. 260 

Spindles, Adv. 321 

Springs, Edit. 154; Adv. 51, 88, 352 

Timers, Adv. 253 

Tubing (see also Hose, Pipe), Edit. 
117, 179; Adv. 10, 58, 301, 333, 339 

Universal joints, Adv. 202, 267, 311, 
343 

Valves (see also Hydraulic and Pneu- 
matic), Adv. 39, 50, 346 

Weldments, Adv. 259 

Wheels and casters, Edit. 178 

Wire and wire products, Adv. 218 


Production 


Facilities and services: 
Facilities, general. Adv. 90 
Inspection and testing, Adv. 259 
Spinning, Adv. 310 
Processes and equipment: 
Drilling and boring, Adv. 344 
Finishing, plating, cleaning, Edit. 
184; Adv. 191 
Grinding, Edit. 133; Adv. 54, 321 
Inspection and testing, Edit. 146; 
Adv. 289 
Jigs, fixtures, too's. Adv. 268 
Special machines, Edit. 110, 111, 130 
Welding and cutting, Edit. 152; 
Adv. 323 
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Exacting 
CYLINDER 
CONTROL 


CxooseE From a broad selection of Hanna 
Valves to meet your requirements for 
exacting Air and Hydraulic control. 
Illustrated are but a few of the complete line 
of hand, foot, electric and pilot operated 
valves for directional and speed control. 
They all carry the Hanna nameplate— 
an assurance of extraordinary care in 
design and manufacture—which means 
years of maintenance-free operation. 

Your Hanna sales representative offers 
specialized experience in selecting valve 


combinationsand developing control circuits. 


SEND FOR BULLETIN 


Write today for the new illus- 
trated Hanna Valve Bulletin 
No. 257. 


%” UNITITE JR. VALVES 


Hanna 4” Valves control air, oil or water pressy: 
up to 500 p.s.i. The control lever requires only % 
movement for reversal. Hanna 44” Valves are 
way but can be made 3-way, by plugging one po. 
mount—are available. Ideal for tubing and lig 
piping. 


ELECTRIC VALVES 


The Hanna 4-way Solenoid Valve is small, compa 
with low current consumption. It is adaptable y 
straight line piping—capacity is equal to rated pip. 
size. Of balanced spool type, it has a built-in soler 
oid pilot valve. Piping may be from bottom, side 
or a combination. Available in 34”, 4”, 3/4,” and 
1” pipe sizes. 


Ives 


SPEED CONTROL VALVES 


Hanna Flo-Set Valves have micrometer graduations 
assure exacting speed control. Available in 4’, ¥, 
and 14” sizes, they are suitable for air, oil or wate 
control, with maximum pressure to 250 p.s.i. They 
may be mounted in any position. 


UNITITE VALVES 


Unitite Valves are suitable as either 3-way or 4 
way valves, operating at air, oil or water pressutts 
up to 250 p.s.i. for the 44”, 4”, and 34” sizes... 
up to 150 p.s.i. for the 1” size . . . and up to 100 
p.s.i. for the 114” size. Three styles—for standard 
mounting, column mounting or manifold mounting 
—are available. 


FOOT OPERATED VALVES 


Available in 34”, 2”, 34,” and 1” pipe sizes, Hanns 
Foot Valves are ideal for applications where it is 
desirable to have the operator's hands free for 
handling material. Single-pedal and double-pedsl 
models, for pressures up to 250 p.s.i., are available 
for use with double-acting air and hydraulic 
cylinders. 


Hanna Engineering Works 


HYDRAULIC AND PNEUMATIC EQUIPMENT... CYLINDERS... VALVES... RIVE Rs 


1751 Elston Avenue, Chicago 22, Illinois 
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It Could Be Sabotage! 


HE tale is told of a small job-shop subcontractor for certain 

aircraft parts who told the inspector not to bother him with 

tolerances, because every dimension would be “on the nose.” 
The sequel is that the parts he produced were off as much as a tenth 
of an inch. 

If the attitude reflected in this story seems slightly naive, it is 
not more so than the apparent attitudes of too many design engi- 
neers when it comes to specifying tolerances. Of all the phases of 
a design engineer’s work none are as little understood as tolerances. 

In spite of all that has been sxid and is being said on the 
importance of specifying realistic tolerances, evidence is abundant 
that the trend is toward closer and closer limits. Some precision 
parts for functional reasons actually do require such accuracy, and 
no one will argue the necessity of maintaining them. But when tol- 
erances measured in tenths of a thousandth are being specified for 
dimensions where one sixty-fourth would be close enough, the situ- 
ation becomes fraught with serious danger. 

Suppose that those wishing to sabotage our military production 
effort were to plant agents in key positions in engineering depart- 
ments of the military establishment and elsewhere or were to se- 
duce disgruntled engineers already in such positions. What more 
effective and insidious method could they use than to see that im- 
possibly close tolerances are specified on certain critical dimensions 
of certain critical parts? If such specifications resulted in a re- 
jection rate of 50 per cent, or even 25 per cent, the effect on military 
production could be disastrous. 

The idea of such a plot against the United States may seem fan- 
tastic, but the present trend if not reversed could have consequences 
just as fatal. The only solution is for every design engineer to be 
on the alert and to question critically each tolerance specification, 
comparing it with the natural, easily maintained tolerance for the 
process by which the part is to be produced. Our very existence 
as a free nation may depend upon it. 


EDITOR 





Developing 





Engineering 





Efficiency 





Improved effectiveness and productivity in design opera- 
tions are desirable and well within reach. Orientation of 
new men and streamlining of staff projects as ouflined in 
this article are real answers to the shortage of engineers 


By Arnold R. Smith 





Staff Engineer 
Office of Graham W. Parker 
New York 


UCH has been said and recorded concerning the 
M apparent shortage of engineers in recent years. 

Few, if any, immediate solutions for the prob- 
lem have been offered. But out of all that has been 
written and spoken, one happy note has emerged— 
recognition has finally been given to the possibilities 
of increasing the output of the existing force by 
time-proved methods of management, Fig. 1. 

Let us start with the problem of the new man. He 
may either be experienced or a novice, but in either 
case a period of training is necessary before he be- 
comes familiar with the particular requirements and 
techniques of the organization. Much of what he 
has to learn is in the minds of the existing group of 
engineers or it may be loosely filed somewhere in the 
office. He may even have to cope with that paradox 
—the group leader who has been around for twenty 
years or more and is indispensable because of the ex- 
tent of his knowledge, but whose concentration of ex- 
perience can be a bottleneck to more rapid progress 
and production during times of heavy work-load. 


106 


The solution to this particular problem, of course, 
is the preparation of what is usually known as 4 
“Standards” manual. This book would contain all 
the answers to the questions a new man might ask. 
The manual can be something entirely new to the de- 
partment or it can be a revision of one that had fallen 
into disuse because there had not been a particular 
need for it seen up to the present. 

As an example of how an old book may be brought 
up-to-date, an excerpt from a report to a branch plant 
of a large manufacturing company, recommending 
certain inclusions in their manual, is pertinent: 


1. Latest copy of the ASA-ASME, Standard Drawings 
and Drafting Room Practice 

2. Drafting Practice text. The 3/1/39 issue is to be 
brought up-to-date, eliminating all parts that have 
been replaced by instructions from the main of- 
fice, and rewriting the remainder 

. Up-to-date instructions on tolerances, allowances. 

finishes, etc. 

. Latest data on materials and heat treatments 
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STANDARDS ae. 2—Valuable time is saved 


FILE Design : 
FILE 














The ABC Machine Co- 


5. Editing of the engineering information in the old 
manual commonly found in engineering handbooks 

6. This branch’s proposal of standard instructions 
for keys and keyways 

7. Latest information on the procedure for patents. 
This manual will be contained in a proper type ring 

binder with tab and section divider sheets for easy in- 

Sertion of new material and it will be of such type 

that the manual will lay flat while in use. 


The material to be included in a manual of this 
ype will vary according to the nature of the engineer- 
§ department involved. In some cases repetitive 
tails may be shown with a table of sizes covering 
he range of anticipated installations so that no time 
§ Wasted by many men continually designing similar 
etails, Fig. 2. 

The manual must of course be revised constantly 
® reflect improvements in design and design tech- 
ique. This is the responsibility of management and 
St as old or outmoded machines must be replaced 
ith new, so must improved design, methods and ma- 
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Rivets ||“‘standards” in place of “special” 
ad | designs ~which otherwise result. 
——— eo shown are from a typical 


standards manual 


terials be sought out and utilized. Most changes will 
not be revolutionary; many engineers will agree that 
even the most radical innovation, in a practical indus- 
trial development, generally represents a single fur- 
ther step ahead in the state of the art. 

In addition to the standards manual, the fund of 
information to be found in manufacturers catalogs, 
magazines, handbooks, and textbooks should be made 
readily available by means of an adequate engineer- 
ing library. It may be concentrated in a central 
library or divided into several small individual 
libraries, depending on the particular requirements of 
the department. 

With the manual at hand, the new man is off to a 
good start. He is able to proceed without asking too 
many questions and he develops a feeling that he is 
working for an alert organization that takes at least 
one important step to help him turn out better work 
faster. 


Streamlining Engineering Procedure: Once he has 
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through use of engineering 


become established, the next problem is to use his 
time in the most efficient manner possible. For. 
tunately there is a certain body of techniques that has 
gradually evolved and is available to the moder. 
minded chief engineer who insists on getting his de. 
partment up to the same standards of productivity 
by his colleagues in sales and manufacturing. 

At the outset it must be said that these methods 
are simple to install and to operate. They assume 
that every man in the organization, from draftsman 
to project engineer, wants to make good on his job 
and with an understanding of what is being aimed at, 
will not only cooperate in applying more effective 
management methods, but will contribute construc- 
tively to their creation. The methods must be built 
up from the bottom, firmly, without disturbance, as 
a steady pace is often the key to long-range success. 

The methods start at the beginning of a job. Often 
one of the most difficult tasks is to find out exactly 
what is to be designed. Most engineers are familiar 
with the time-consuming partial exchange of informa- 
tion between the design office and the customer or 
even between several elements of the same office. One 
solution, Fig. 3, is a form developed to meet the 
needs of a particular company, carrying all the in- 
formation necessary to estimate the engineering work. 

As soon as a job is to be definitely assigned to a 
design department, some record of its initiation and 
progress must be kept in the administrative office. 
A work order form, shown in Fig. 4, may be used for 
this purpose. This may show a complete job or 
only a part. The job may be divided according to the 
various divisions of the design office, e.g., structural, 
hydraulic, electrical, etc., and the order may be ae 
companied by various other papers giving a more de 
tailed description of the work to be done. In any 
case, it provides on one sheet all the information to 
identify and keep track of the work. 

The work order form contains considerable space 
for dates, both promises and actual dates of starting 
and completion. This concentration on time and plat-§- 
ning is the backbone of the methods to increase pro 
duction. Project scheduling, as set up in virtually 
every design office, is an element in such planning. 
but the usual project scheduling is far from provid 
ing the management strength that is given by the full 
conception of planning. When this planning and 
schedul'ng is used as a main instrument of manage 
ment, in the sense that we are developing here, it 
means forecasting in a reasonable, studied way the 
use of time by persons responsible. 

In general, whatever the local nomenclature 
grouping of services, most or all of the following 
functions have to be dealt with: 


Preliminary investigations 
Studies of prior art 

Calculations and specifications 
Preliminary design 
Experimental models 

Final Design 

Detailing (drawings and B/M’s) 
Prototypes of final models 
Process engineering 

Parts lists and technical manuals. 
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While some chief engineers prefer tabulations of 
figures on man-hours and dates, it is more general 
practice to express time plans on a Gantt chart or 
graph. This chart emphasizes schedules in terms of 
calendar time and, in the case of an overall plan for 
a complicated project, is especially helpful in show- 






Time will have to be allotted for each of the func- 
tions required and a total estimated for the complete 
job. 

Planning and Scheduling: It would be pleasant, al- 
though very unusual, if each new job was initiated 
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just as the present one was being completed. More 
often they are introduced when most of the men are 
tied up in equally important work and the new work 
must be fitted in as expeditiously as possible. It is at 
this point that planning and scheduling become most 
essential. 

It is important to emphasize that the time esti- 
mated for a job is a reasonable and responsible en- 


ing clearly the overlapping time periods of the sev- 
eral phases of the job, Fig. 5. 

In practice, the schedule and the work order are 
used together. When a group leader receives the 
work order, everything will generally be filled in ex- 
cept the schedule. After consulting his schedule and 
noting the work load facing him, the group leader can 
estimate the schedule date for starting on this job. 


built f gineering estimate based on the assumption that each He then follows through by figuring what men may 
-€, aH colleague will live up to his share of the responsibility. most easily be assigned to the new job, how long 
ccess. Bt is not a hopeful guess, nor is it an irresponsible as- each will have to spend on his particular function, 
Often § sumption that everything will go wrong and that an- and figuring also an estimated date for completion. 
cactly § ticipated times should be padded for contingencies. This information is filled in on the work order and 
miliar§ The lower-leve] planning of the work is the re- also posted on his schedule. A copy of the work 
orma-B sponsibility of those directly involved—the group order may then be sent to the person in charge of the 
er Of leaders or squad bosses. An administrative assistant administration of the engineering department for his 
. One f or scheduler may keep the formal schedule charts and records. 

t theBtake care of posting progress but the foresighted When work finally starts on this new job, the group © 
le it-B thinking that goes into schedules is the major and leader knows just who is going to do what and how 
work. # continuing concern of every group leader and squad long it can reasonably be expected to take. If he 
to 28 boss in the department. sees that he is not going to meet his anticipated dates, 
1 and 
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Fig. 5—Gantt chart showing typical method for recording 


scheduled plans for a complete project in terms of calendar time 
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he is able to take action to speed up progress. This 
may involve a consultation with an executive to de- 
cide a policy question or it may mean assigning ad- 
ditional men to help. In any case, the group leader 
cannot fail to become more management conscious 
and to assume greater responsibility for the comple- 
tion of drawings. 

Executives who take time to build up this under- 
standing of planning among group leaders will be re- 
warded many times over by performances that would 
have previously been considered unobtainable. They 
will also verify the experience of the successful de- 
sign leader who has observed that the management 
of any undertaking involves but two major parts: 
planning and direction. The more careful the plan- 
ning, the less time will be subsequently taken up by 
direction. ' 


Psychological and Organizational Benefits: Our 
new man is now a part of the engineering depart- 
ment. He has his manual for reference and by look- 
ing at the group leaders schedule, he knows exactly 
what has been planned for the future and just how 
his work fits in with the overall picture. The group 
leader has discussed the schedule with him so our man 
does not feel he is being pushed but feels that he is 
part of the team. He too has a certain responsibility 
to get his work out on time, as after all, wasn’t he the 
one who agreed it should be done. 


Reshapes Large 


SING a combination of mechanical, magnetic and 
hydraulic power, a “kickup’”’ machine built by 
A. O. Smith Corp. reshapes steel sheets having a max- 
imum length of 19 feet and from 5/64 to 5/16-inch 
thick. It can handle material up to 16 inches wide 
for truck and automobile frames, bending these long, 
narrow sheets edgewise. 
A 15-foot, 8-inch reinforced concrete pit contains 


Complete planning of the use of time will sometimes 
also clear the way for major improvements in the or. 
ganizational structure. For example, a department 
head may take over an organization divided into 
autonomous product groups, each fully staffed, an 
question whether he might obtain greater efficiency 
by centralizing certain functions. 

It is sometimes considered that greatest flexibility 
and usefulness of engineering personnel is obtained 
when all but the research staff and senior project en- 
gineers are regarded as a single personnel pool—en. 
gineers, draftsmen, detailers, checkers, etc., from 
which individuals are assigned from time to time to 
specific project staffs. But theory provides no real 
answer in a specific case. Only concrete knowledge 
of how the time of individuals is now being utilized 
will enable the department head to determine whether 
he should seek useful improvement through organiza- 
tion changes. 

The introduction of the planning and scheduling 
methods and the preparation of the manual has a 
cumulative effect. In addition to the benefits accrv- 
ing from these tangible changes, there is also an in- 
crease in production because of an increase of pride 
resulting from the recognition of the draftsman as 
an individual who is capable of taking a part, albeit 
a small one, in the planning of the project. He now 
has a definite goal, set by himself, against which to 
work and he is able to definitely prove his worth. 


Steel Sheets 


much of the hydraulic mechanism which lifts the ram 
and assists in holding it down tightly on the piece 
being shaped. Powered by a 150-hp electric motor, 
shown at the top of the photograph, the machine is 
designed to bend 900 pieces per hour. 
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SCANNING the Field 


for L DEAS 


Correct CYLINDRICAL SHAPE of a piston for 
an internal-combustion engine when working in the 
hot cylinder requires it to be ground with a slight 
taper from the open end, which is relatively cool, to 
the head, which is exposed to the high temperature 
of combustion. This taper compensates for the dif- 
ference in expansion caused by the temperature 
gradient. Also, the influence of temperature on the 
masses of metal forming the bosses for the wrist-pin 
bearings causes these two sides to expand more than 
the thin walls of the other sides, necessitating an oval 
shape when cold. 

One machine for producing these corrections is 
shown below together with a diagrammatic sketch of 
the principle of operation as well as sectional views 
of a piston with these corrections. Designed by Arthur 
Scrivener Ltd., Birmingham, England, the grinder ro- 
tates the piston about a horizontal axis and at the 
same time oscillates it in a horizontal plane against 
the grinding wheel. 

Referring to the diagram, the work is held in a 
fixture on a spindle assembly A which is pivoted at 
point B. Oscillating movement is obtained from cam 
C which is spring held against a fixed roller. Amount 
of pivoting determines the taper on the skirt and the 
lobes on the cam control the ovality of the walls. Cam 
E controls the position of the fixture slide base D for 
grinding and loading. 





Spring SHAPES meet unconventional design re- 
quirements to cost advantage in the filter cloth holder 
for an air regulator shown below. Designed by 
Hunter Spring Co. to replace a complex brazed group 
of wire forms, right, the barrel spring design pro- 


Muwvre ANGLES of deviation are precisely 
measured by the “horizontometer” shown at 
left. Developed by Morton Stimler of the 
Naval Ordnance Laboratory, the device is based 
on the property of a free fluid surface to remain 
horizontal. Two opposed floats attached to the 
shaft of a sealed multirevolution potentiometer 
operate partially immersed in the fluid. Suitable 
for measuring deviations of as much as 1800 de- 
grees or, with two units at right angles, changes 
in pitch and roll, the design provides torque from 
restoring buoyant forces much higher than those 
developed with pendulum types for greatly in- 
creased sensitivity. 


vides more continuous support and is self positioning 
on the center tube, eliminating the need for fixtures 
in brazing. Owing to the fact that the barrel spring 
is produced on an automatic spring coiler, cost was 
reduced 60 per cent. 





—--—— 


Braze each end of barre! Outline of filter cloth— 








sa of filter cloth ly each end of each form 


\ 


























Router VANES are em 
ployed in the novel Hypro 
pump shown at left along 
with a scoop type rotor to 
successfully pump _ various 
sprays of erosive wettable 
powder or abrasive solutions. 
Highly abrasion resistant 
nylon or Hycar rollers utilized 
require little lubrication. 
water being sufficient. With 
the rotor held against lateral 
movement by the bearing ar- 
rangement, wear is minimized 
and efficiency is high in the 
recommended range of pres 
sures from zero to 200 psi. 
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FasTEST RESPONSE from magnetic - particle 
dutches is obtainable by employing a laminated mag- 
yetic circuit. Recent studies by W. A. Notz of the 
National Bureau of Standards indicate that response 
time can be’ reduced to the order of 1.5 milliseconds 
for 63 per cent of maximum torque. 

With other factors constant, torque developed by a 
magnetic-particle clutch is approximately proportion- 
al to the magnetic flux which, in turn, is roughly 
proportional to the exciting current. Comparative 
characteristics of laminated versus nonlaminated con- 
structions are shown in the chart, right. Response 
time of the laminated design was found to be limited 
oly by mechanical considerations, but that of the 
nonlaminated one was limited by eddy currents—be- 
cause of these magnetizing current and output torque 
are slow in building up. 

Assuming ideal mechanical resistance and stiffness 
in the output system, response speed can be maxi- 
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mized by maximizing the torque-to-inertia ratio. The 
analysis showed that for fastest response the inertia 
of the clutch disk should be three times the load 
inertia and that the magnetic circuit could be driven 
to saturation most rapidly by utilizing a laminated 
circuit. 


D UAL-COOLED DESIGN permits the manufacture 
of totally enclosed motors up to 150 hp—double the 
limits previously imposed. By building-in an integral 
heat exchanger as part of the motor, above, Reliance 
Electric & Engineering Co. has obtained increased 
cooling efficiency, permitting smaller motors for a 
given horsepower. 

Air within the motor is circulated through the ex- 
changer and over the motor coils at 2900 fpm. Ex- 
ternal cooling air is drawn in and pumped over the 
exchanger fins at 3300 fpm. A 1-hp, 3-phase, 60- 
cycle motor drives the internal and external blower 
fans at 3600 rpm independently of the main motor. 

Wide exposed aluminum fins utilized in the ex- 
changer design along with the high velocity of air 
passage tends to keep the cooling surfaces free from 
fouling in service. Blade.airfoil and fin structure 
have been designed to minimize vibration and noise. 


113 





Contracts between employers and employees offer 
fair and reasonable protection of trade secrets 
and processes. However, they cannot be written 
so as to restrain the future rights of employees. 


By Albert Woodruff Gray 


Jackson Heights, L. |. 
New York 


PROVISION in the employment contracts of 

an electrical equipment manufacturer during 

World War II was that the employee, “Agrees 
that he will not at any time during said employment 
disclose to any one any information that he may ac- 
quire during said employment, relating to any one 
of the processes, formulas, plans, circuits, devices 
or methods, developed, manufactured or practiced 
at any time by said corporation in its business and 
he will not use any of said processes, formulas, plans, 
circuits, devices or methods or his knowledge of the 
same except in the course of his employment by the 
corporation.” 

A foreman who had learned many of the manufac- 
turing secrets of this company resigned. Later he 
entered the employ of a competitor. The first em- 
ployer sued to prevent both the former employee and 
the competitor from disclosing the information that 
the employee had stipulated by contract not to di- 
vulge. 

This contract the Federal court refused to enforce, 


stating, “It is quite clear that the contract goes be- 
yond the protection of trade secrets and embraces 
anything that the employee saw or learned during his 
employment. The agreement puts a restraint upon 
the employees’ right to labor or exercise their skill. 
greater than is necessary for the fair protection of 
the employer and therefore such an agreement is un- 
enforceable by injunction. 

“The law is settled that a contract in restraint of 
labor, which seeks to prevent one of the contracting 
parties from exercising his skill or labor generally 
without limitation as to place or time, or which at- 
tempts to put a restraint upon his right to labor or 
exercise his skill greater than is necessary for the 
fair protection of the other party to the contract, is 
void.” 

In a case decided long ago in Massachusetts, and 
which has often since served as an authority in con 
troversies of this character, a man had spent years it 
inventing and perfecting machinery for manufactur 
ing gunny cloth from jute butts. The inventor had 





“|. . persons under a contract, either express or implied . . 
knowledge of the secret and then set it up against their employer . . 


. cannot gain 
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constructed a large factory, equipped it with these 
machines and employed a foreman under a contract 
in which the foreman agreed that he would give no 
information to any person, directly or indirectly, re- 
garding the machinery or its operation and ‘consider 
all of said machinery as a secret to be used only for 
the benefit of the employer or his assigns, and by all 
means within his power prevent other persons from 
obtaining any information in regard to it such as 
would enable them to use it.” 

Later, the foreman left this employer to accept a 
position with a competitor who was planning the con- 
struction of another factory equipped with machines 
of this type constructed according to plans and draw- 
ings the foreman had secured. Suit was brought by 
the former employer for an injunction against this 
disclosure of secrets. 

“There is no doubt whatever,” said the Massachu- 
setts court, granting an injunction against these dis- 
closures, “that when a party having a trade secret 
employs persons under a contract, either express or 
implied, those persons cannot gain knowledge of the 
secret and then set it up against their employer. 

“Whatever may be the limit or effect of this em- 
ployee’s obligation to serve, he is bound by his con- 
tract never to disclose the secret confidentially im- 
parted to him during the term of his actual service 
and this part of the agreement may be specifically en- 
foreed, even if the other part is not.” 

The following year another contract of this same 
character was again before the courts of that state. 
This agreement had been made by the owner of pat- 
ents on twist drills and collets under which the pat- 
entee contracted to transfer to a manufacturing com- 
pany these patents and his rights to any letters pat- 
ent for any drills or improvements. 

The company in return agreed to pay the inventor 
$5000 in thirty days, a further payment of the same 
amount out of the earnings of the company and an 
additional $4500 in three annual installments. The in- 
ventor continued in the employ of this company for 
three years, after which he resigned and set up the 
manufacture of these drills in another state. 

In its decision of the action brought to prohibit the 
‘ontinued violation by this inventor of his agreement, 
the Massachusetts court, following the authority of 
the previous case, said of this contract, “It was not 
iM restraint of trade nor contrary to public policy 
that this employee should contract for his exclusive 




























services in this respect. He could not have obtained 
the consideration paid him if it had been understood 
that this contract which he has violated, had no 
validity. He is appropriating to himself a part of that 
which he has sold to his employers and which is valu- 
able property to them.” 

The criterion by which is determined the validity 
of an agreement not to accept employment with a 
competitor, is whether or not the restraint imposed 
on the employee is greater in its duration or in the 
territory affected than adequate protection requires. 
Further, the restraint must be for the protection of 
the property of the employer, as trade secrets, good 
will or other incidents of the business and not merely 
the suppression of competition. 

In a famous decision in the Federal courts William 
H. Taft, then a Federal judge, said of the validity of 
employment agreements, “Covenants in partial re- 
straint of trade are generally upheld as valid when 
they are agreements by...an assistant, servant or 
agent not to compete with his master or employer af- 
ter the expiration of his time of service. Before such 
agreements are upheld however, the court must find 
that the restraints attempted thereby are reasonably 
necessary ... for protection from the danger of loss 
to the employer’s business caused by the unjust use 
on the part of the employee of the confidential infor- 
mation acquired in such business. 

“We do not see how a better test can be applied 
to the question whether this is or is not a reasonable 
restraint of trade than by considering whether the re- 
straint is such only as to afford a fair protection to 
the interests of the party in favor of whom it is given 
and not so large as to interfere with the interests of 
the public. 

“Whatever restraint is larger than the necessary 
protection of the party requires can be of no benefit 
to either. It can only be oppressive. Whatever is in- 
jurious to the interests of the public is void on the 
ground of public policy. 

“This very statement of the rule implies that the 
contract must be one in which there is a main pur- 
pose to which the covenant in restraint of trade is 
merely ancillary. The covenant is inserted only to pro- 
tect the parties from the injury which in the execu- 
tion of the contract or enjoyment of its fruits, he may 
suffer from the unrestrained competition of the 
other.” 

An employee of a New Jersey manufacturer had 








will be enjoined from making further use of the information .. . 






“. . . persons who induce the employee to disclose the secret .. . 
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“ . . if the contract is founded on valid consideration and a reasonable 


ground of benefit . . 


. it is free from objection and may be enforced . . . 





agreed with his employer not to reveal secret manu- 
facturing methods. Nine years later this employee 
became dissatisfied, resigned, and two weeks later 
accepted employment with a competing firm. 

In granting the first employer an injunction against 
the disclosure by the former employee of these secrets 
and against the competing firm from using or divulg- 
ing any information derived from this employee, 
the New Jersey court said, “The right of the manufac- 
turer, whose goods are made by an unpatented secret 
process, to protection by injunction against the di- 
vulging of his secret in a proper case, is now estab- 
lished by a well considered line of cases in England 
and in several states. 

“These cases establish the principle that employees 
of one having a trade secret, who are under an ex- 
press contract or a contract implied from their con- 
fidential relation to their employer not to disclose 
that secret, will be enjoined from divulging the same 
to the injury of their employer, whether before or 
after they have left his employ; and that other per- 
sons who induce the employee to disclose the secret, 
or that knowing his disclosure is in violation of the 
confidence reposed in him by his employer, will be 
enjoined from making any use of the information so 
obtained although they might have reached the same 
result independently by their own experiments or ef- 
forts.” 

The agreement under which this employee was for- 
bidden to disclose the methods and trade secrets 
of his employer was well within the rule laid down 
in this famous decision by Taft. 

In contrast to this is the aforementioned employ- 
ment contract of the electric equipment manufacturer 
in which the employee agreed not to disclose any in- 
formation he might receive irrespective of its source. 
That contract, which the Federal court refusec .o en- 
force, had projected its “thou shalt not’’ beyond the 
limits necessary for the protection of the interests 
of the employer. 

In a recent Wyoming action for an injunction 
against a violation by a former employee of a con- 
tract of this character the court in that state said, 
“Tt has been said that sound policy encourages em- 
ployees to seek better jobs from other employers 
or to go into business for themselves. Contracts which 
hinder their so doing are strictly considered and rig- 
idly scanned and are declared void unless necessary 
for thé''reasonable protection of the employer.” This 
ruling supplemented a statement of law principle 
made nearly a hundred years ago by the United States 
Supreme Court. 

To illustrate this principle, two business partners 
are engaged in manufacture of a certain article by 
secret process, and they agree to separate. One of the 
terms of their separation is that one of the parties 
shall not sell the article in Massachusetts where the 
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other resides and carries on business and that the 
other shall not sell the article in New York wher 
his former associate is to reside and carry on business, 

Can there be any doubt that such an agreement 
would be valid and binding? Possibly so, for there are 
two principal grounds on which it may be considered 
a contract in restraint of trade, and, therefore, is 
void as against public policy. One is injury to the pub- 
lic by being deprived of the restricted party’s in- 
dustry; the other is the injury to the party himself 
by being precluded from pursuing his occupation and 
thus being prevented from supporting himself and 
his family. But if neither of these evils ensue and if 
the contract is founded on a valid consideration and 
a reasonable ground of benefit to the other party, 
it is free from objection and may be enforced. 
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Turbojet Test Cell 


SYSTEM of blocks and grid-like “batts” lowers 

the sound level of turbojet engines under test. 
The cells at G-E’s Lockland, Ohio, jet center are re 
inforced concrete made from a special aluminous ce 
ment capable of withstanding exhaust blasts which 
send cell exhaust temperatures up to 1000 F in 8 
seconds. Air enters the engine at 100 mph and ex: 
hausts at 1300 to 2000 mph. From the engine the 
exhaust gases are directed to a cylinder “augmenter’ 
which carries them to the exhaust stack. 





Jet Engine Production Test Cel! 


Air Flow 

High Frequency Batts 
Relief Hatch 

Low Frequency Biocks 
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Designing With 


TUBULAR SECTIONS 


New and unusual applications emphasize 
the many design opportunities of 
this basic material form 
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Fig. 1—The boom of this giant dragline built by Stew- 
art and Lloyds Ltd., 282 feet in length, is an all-welded 
triangular cantilever jib of high-tensile steel tubing. 
Main compression and tension members are seamless 
cold-drawn, normalized tubes; subsidiary bracing and 
support members are seamless, hot-finished tubes; and 
lattice bracing members are welded tubes; i in sizes from 
114, to 16 inches. Typical tubular joint member used 
is shown in close-up view 












L’ REACHING today’s goals of greater simplicity of mechanical tubing as a basic engineering material 








and economy in design, success may often depend attains full significance. By continuing appraisal of 
on recognition of the opportunities offered by the inherent properties of the tubular shape in con- 
tubular shapes. Highlighted by some of the ever- junction with the supplementary functional and pro- 
increasing applications both as static and dynamic ducibility possibilities afforded by design ingenuity, 
machine components, Fig. 1, the versatile character efficient utilization of available tubular materials in 
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carbon, alloy and stainless grades can be realized. 


Basic Data: Grades of steels, tolerances, and proc- 
esses employed in the manufacture of mechanical 
tubing today set this material form apart as a sepa- 
rate entity designed especially for mechanical applica- 
tions. Basically, there are two types—seamless and 
welded. Seamless tubing is furnished either hot or 
cold finished, the latter being a refinement of the hot- 
rolled tube through cold drawing and featuring better 
finish and closer dimensional accuracy. Welded tub- 
ing is furnished either hot or cold rolled, the name in 
each case signifying the class of steel sheet from 
which the tube is formed. Here again the cold-rolled 
tube has improved tolerances, finish and properties. 
Further refinements in finish and dimensional toler- 
ances can be obtained by operations such as cold 
sizing and grinding. 

Available mechanical tubing encompasses a wide 
variety of sizes, shapes, analyses, heat treatments, 
dimensional accuracies, and surface finishes. The 
general range of standard sizes for welded tubing 
(round) is 34-inch OD by 0.028-inch wall to 5-inch 
OD by 0.259-inch wall; for seamless tubing (round), 
3g-inch OD by 0.035-inch wall to 10'%-inch OD by 
l-inch wall. Special sizes extend these ranges to 
tubes as small as 0.008 inches OD with a 0.002-inch 
wall and as large as 35-inches OD with a 4'%-inch 
wall. Cross-sectional shapes in the standard ranges 
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Fig. 2—Above—High tor. 
sional capacity, lightweight 
and vibration characteristics 
make tubing i ideal for pow- 
er transmission members 
such as this long drive shaft 
used on induced-draft cool- 
ing towers 





Fig. 3 — Left — Tubular 

spokes in the welded hub 

of this 72-inch, 12-blade fan 

absorb complex bending 
loads 


can be supplied in a wide variety; among the more 
common are rounds, ovals, streamlines, squares, rect- 
angles, hexagons and octagons. Planing, shaping or 
broaching operations may often be minimized or re- 
duced through the use of these special shapes. 

Steel grades of mechanical tubing include prac- 
tically all of the standard AISI commercial analyses, 
as well as many special analyses from plain low car- 
bon to high carbon, alloy and stainless. Usually sup- 
plied on the basis of end requirements with composi- 
tions and heat treatments being determined by the 
individual steel manufacturers, tubing analyses and 
tempers vary widely to meet mechanical design re- 
quirements. Because of this wide variety of re 
quirements, standard specifications have not been de 
veloped for these products. 


Functional Properties: As a machine or structural 
component, mechanical tubing offers fundamenta! ad- 
vantages in: 


1. Torsional strength. 
. Bending strength. 
. Dynamic loading. 
. Material distribution. 
. Impact loading. 
. Multipurpose application. 


TORSIONAL STRENGTH: Compare dto other structural 
sections of the same material and weight, round 
tubular sections have a considerably greater torsonal 
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capacity. This superiority derives from the fact that 
torsional loads are carried primarily by the outer por- 
tion of the loaded member, the inner portion adding 
little to the load capacity but greatly to the weight. 
Also, when under dynamic loading, as in a drive shaft, 
tubing has a higher frequency and smaller amplitude 
of vibration than any other section, including a solid 
round. The combination of these two properties makes 
the tube ideal for power transmission applications. 

Powering of large horizontal cooling tower fans 
on induced draft towers is accomplished by long 
drive shafts which extend outside the fan diameter 
to the power unit. Since intermediate support bear- 
ings required with solid-steel shafting would be im- 
practical, large-diameter thin-wall tubing is utilized. 
This has proved satisfactory not only from weight 
but also life and vibration standpoints. A typical 
shaft with drive yokes is shown in Fig. 2. 

Torque capacity of thick-walled tubular drive 
shafts, derived from the basic torsional equation, is 

qs (D* — d*) D4 — d4 
T = —____—__ = 0.196 s —__—_ 
16 D D 

Where T — torque capacity, pound-inches; s = allow- 
able shear stress, psi; D = outside diameter, inches; 
and ¢@ — inside diameter, inches. Selection of s will 
depend onthe material and the desired factor of 
safety. Caution should be exercised in applying this 
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equation to thin-walled tubes which may fail in 
buckling below the maximum shear limit. Critical 
speeds of tubular shafts may be computed from 


4.705(10%) | _ 
N= ey D2 + a2 


where N = critical speed, rpm; ZL = length, inches; 
D = outside diameter, inches; and d = inside diam- 
eter, inches. For safe speeds the results obtained 
from this formula should be reduced a minimum of 
15 per cent. 

BENDING STRENGTH: As a beam, tubular members 
have the least weight for a given strength and stiff- 
ness when there is to be equal loading in any direc- 
tion. This property also is attributable to the fact 
that the outer fibers of the loaded member carry the 
bending load while the inner portion does little but 
add weight. Considerations involved in the applica- 
tion of a tubular beam with its uniform bending ca- 
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pacity will differ from those leading to the selection 
of an I-beam which has been designed to have a 
high section modulus and moment of inertia in one 
plane only. This is also true for the rectangular beam 
which has been designed for loading in only two 
planes at right angles. A further advantage of the 
uniformity of the tubular section is obtained through 
its efficiency in column action—equal resistance to 
bending stresses in any direction. 

Complex bending loads, fluctuating both in magni- 
tude and direction pose another problem in the de- 
sign of cooling tower fans. Tubular spokes are 
utilized in the hub of the 72-inch, 12-blade fan shown 
in Fig. 3, to provide an efficient torque-transmission 
unit. A steel casting provides a large center weld- 
attachment for the spokes and welded braces tie the 
outer ends together. The fan blade shanks are in- 
serted in the split tube ends and U-bolt clamps are 
drawn tight to secure the blade at the desired pitch 
angle. 

DYNAMIC LOADING: Because of its material uni- 
formity, torsional capacity, equal resistance to bend- 
ing stresses in all directions, and dynamic rigidity, 
round tubing comes closer to meeting the qualifica- 
tions of an ideal member than any other structural 
shape. When it is difficult or impossible to determine 
accurately the types of imposed stresses, and this 
is often true under dynamic loading, tubing may be 





the most suitable design solution. 

MATERIAL DISTRIBUTION: A better understanding of 
the weight-strength distribution advantages of the 
tubular section may be obtained from the graphs of 
Fig. 4. For circular shapes, section moduli are jp. 
dicative of both bending and torsional strengths 
(polar moment of inertia is twice the moment of jp. 
ertia of the beam cross section). Thus, it may be 
seen that for a 3-inch solid round weighing 24 pounds, 
the same approximate strength could be obtained 
with a 3-inch OD, 1-inch wall tube weighing 214 
pounds; a 34-inch OD, %%-inch wall tube weighing 
14.7 pounds; or a 3%-inch OD, %-inch wall tube 
weighing 12144 pounds—almost a 50 per cent weight 
reduction. Comparisons for equal weight can algo 
be easily obtained. 

IMPACT LOADING: Under abnormal impact, tubular 
structures tend to localize and absorb the shock 
and prevent undue extension of damage throughout 
the structure. The continuity. gf cross section pro- 
vides excellent energy absorption characteristics, 
minimizing the severe stress-raising effects. which 
accompany shock loads. Evidence of this stab-‘lity is 
the application of tubular struts to the landing gear 


Fig. 6—Three different capacity hydraulic benders 

which utilize a tubular frame serving also as an oil 

reservoir. Machine at lower right develops a torque of 
20,000,000 inch-pounds and bends 17-inch pipe 
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Fig. 7—Weaving machine employs 
tubing for rolls and also, with rein- 
forcing angles and plates, for the 
main bed shown in the inset photo 


year 


ders 
oil 
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of the Fairchild CB-119B airplane, Fig. 5. The 
four smaller diameter tubes, swaged down at the ends, 
strengthen and maintain position of the gear dur- 
ing landing. By using tubular components, maximum 
strength with minimum weight is obtained. Two of 
the tubes, as supplied, are 3.912-inch OD with a 0.179- 
inch wall, the other two are 4.956-inch OD with a 
0.299-inch wall. Final finishing is accomplished by 
centerless grinding. 

MULTIPURPOSE APPLICATION: Further evidence of 
the diversified utility of the tubular section is its 
adaptability as a multipurpose component. In addition 
to fulfilling the purposes of a primary load carrying 










or store liquids and gases, to carry electrical wiring, 
ete. The hydraulic bending machines in Fig. 6 employ 
this design flexibility to great advantage. Tubular 
members provide needed structural rigidity and also 
serve as oil reservoirs. The large surface area pro- 
Vides maximum radiating service for cooling the oil. 
Compared to previous machines made up of castings 
and structural sections, these redesigned units have 
greatly reduced weight and deflection, simplified as- 
sembly, improved appearance, increased working 
Space, and above all, lowered costs. 

An interesting sidelight in conjunction with bent 
tubing is the result of a series of tests conducted 
to determine the effect of cold-bending. It is well 
known that when tubing is bent the outer wall (ten- 
Sion) reduces in thickness while the inner wall (com- 
Pression) increases. Stretching of the wall at the 
bend would seem to indicate a weakening at that point. 
However, hydrostatic tests carried to rupture, on 

















MACHINE DESIGN—November 1952 


member, it may at the same time be used to conduct ~ 






various sizes with different degrees of bend, have 
shown the area of the bend to be definitely stronger, 
failure always occurring away from the bend. Cold- 
bending has a greater strengthening effect than the 
weakening resulting from wall reduction. 

Numerous other advantages of the tubular section, 
other than those previously mentioned, may assume 
importance in special applications. In outdoor struc- 
tures, the effect of wind resistance is reduced to a 
minimum. Where space limitations are imposed, or 
portability is a necessity, tubing can be readily adapt- 
ed to telescoping assemblies. The aircraft industry 
has utilized tubing jn an infinite variety of capacities. 
By applying the principle of unit design, or section- 
stressed construction, and taking advantage of the 
strength properties of tubular elements, considerable 
savings in weight have been effected. 

To withstand stresses in any specific direction, or 
provide necessary mounting facilities, plates or 
trusses may be used to reinforce a tubular section. 
The main bed of the weaving machine, Fig. 7, is made 
up from round tubing with longitudinal angles and 
flat end plates welded-on. Other applications of 
tubing in this machine include the six different rolls 
shown. Lightness, straightness, and dimensional ac- 
curacy requirements make tubing a necessity. The 
bottom roll, or cloth roll, is sometimes made of wood 
to meet purchase requirements but the roll made of 
tubing has approximately the same weight and en- 
tails about the same cost. 


Materials: Versatility of the tubular section is 
further enhanced when advantage is taken of the spe- 









cial properties of the steel analyses, anneals, and 
heat treatments available. Alloy tubing properties 
have found wide utility in bearings, axles for auto- 
mobiles, trucks, and railroad cars, and many other 
applications in which their high-strength and work- 
ability are especially useful. The corrosion and heat- 
resistant characteristics of stainless stee] also ex- 
tend tubing applicability. For Lehr rolls used in glass 
manufacture, type 405 stainless tubes provide freedom 
from scaling at 1200 F. Stainless tubes have also 
been applied advantageously to large induced draft 
cooling tower fans for corrosive atmospheres. The 
blade design of Fig. 8 is essentially a single tubular- 
spar wing structure. The welded tubular frame forms 
a lightweight, high-strength unit for large 212 and 
240-inch diameter fans. 


Design and Tolerances: Considerations involved jp 
producibility will vary somewhat according to the 
production facilities at hand. Tubing, because of its 
range of availability—analyses, shapes, sizes, etc,— 
provides a wide latitude of selection to meet vary. 
ing requirements. It may be used as a raw materia] 
upon which subsequent fabrication operations are to 
be performed or it may be used as a finished product 
where possibly the only operation will be cutting 
to length. 

In general, advantageous use of tubing for hollow 
parts falls into several categories. These classifica- 
tions are: 

1. Long parts requiring deep drilling and parts hav- 


ing large outside diameters and relatively thin wall 
sections. 
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. Parts for which tubing costs are equal to or more 








d in than other forms of material but savings in ma- 
the chining and other processing offset the additional 
F its material cost 






3. Unusual designs where limitations imposed by 
available equipment make the use of tubing ad- 
vantageous. Here, comparative cost of raw ma- 
terial would not be a major factor. 
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As originally designed to meet five different size 
requirements, the drive spacer units shown in Fig. 9 
were expensive to produce as a one-piece steel cast- 
ing. Separate core boxes and pattern equipment, 
expensive cleaning and handling procedures and ex- 
tensive jig and fixture setups for each size left much 
to be desired. In addition, an excessive amount of 
critical steel was being used, the weight for the five 
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Fig. 10 — Above — 
Tubular cross-sections 20 
may be modified to 
meet a variety of de- 
sign requirements. 18 
These parts of Rock- 
. tite tubing were 
> shaped on a Federal- 
> § Westin hot forming 
ie machine 1 
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The redesigned spacer 
employs two steel castings welded to a tubular center 
member cut to the length required. The tubular mem- 
bers not only provide the necessary strength, shock 
and fatigue resistance, but also resulted in substan- 


sizes averaging 52.5 pounds. 


tial weight and cost reductions. Total cost of the 
part was reduced 38.4 per cent and weight 30 per 
cent. Only a single set of inexpensive patterns is 
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Table 1—Size Tolerances for Round Welded 


Tubing* 


(cold-rolled carbon steel) 








Tube Wall -~—Variations—— 
Size Thickness oD ID 
(in.) (BWG) (in., plus or minus) 

% to & 16 to 22 .003 .008 
% to % 14 .003 .010 
% to %& 20 to 22 .004 .005 
% to % 16 to 18 004 .005 
% to %& 12 to 14 .004 .009 
% to1\% 18 to 22 .004 .005 
% to1% 14 to 16 .004 005 
% to1% 11 to 13 .004 .008 
1% to2 18 to 22 .005 .006 
1% to2 14 to 16 .005 006 
1% to2 9 to 13 .005 .008 
2% to 2% 18 to 20 .006 .007 
2% to2% 14 to 16 006 007 
2% to2% 9to13 006 009 
2% to3 18 to 20 .010 012 
2% to3 14 to 16 .008 010 
2% to3 9. to 13 .008 010 
3% to3% 16 to 18 .010 .012 
3% to3% 9 to 14 .008 .v12 
3% to4 14 to 16 .010 014 
3% to4 8 to 13 .010 .016 
4% to5 14 to 16 .020 .020 
4% to5 8 to 13 O15 018 





* Accuracies shown are for standard tube—Diameters and wall 
thicknesses for specific sizes may alter these figures. 





required and cleaning and handling operations have 
been greatly simplified. 

A shift sleeve for automotive use made from a 
forged ring required several separate machining 
operations with a resultant cost of $1.71 per finished 
part. By using a tubular section, 13 cents was saved 
on each sleeve in material costs and, since long lengths 
of tubing—unlike individual forgings—could be ma- 
chined on a 4-spindle automatic screw machine, 11 
cents per unit was saved on production. 

Tubing is readily formed by a number of different 
methods. Beading, expanding, swaging, bending, 
spinning, flanging, upsetting, grooving, fluting, and 
tapering can be used to modify cross sections to 
meet different design requirements, Fig. 10. The 
tubular section is also easily adaptable to many dif- 
ferent methods of joining. 

Tube tolerances are applicable to two cross sec- 
tional dimensions. If OD and wall thickness are spe- 
cified, the ID may not necessarily conform to pub- 
lished tolerances and if ID and OD are specified, the 
wall thickness may not necessarily conform. Typical 
tolerances for standard production-run cold-drawn 
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round seamless tubing are shown in the chart, Fig. 11, 
Welded tube tolerances are shown in TABLE 1. These 
are only general size accuracies used with standard 
tubes. Wall thickness, diameter, etc., will alter thege 
figures for specific sizes. 
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Chain Drive Center Distance 





















































CORRECTION: In the article “Polygonal Action § terr 
in Chain Drives” (MACHINE DESIGN, September, 1952) § whi 
the equation given for determining the optimum cen- § ami 
ter distance would yield a short or less-than-optimum § the; 
center distance. Correctly expressed, the distance be- § the 
tween sprocket centers for minimum polygonal action § ach: 
is flexi 

can 
” i (« “180180 )’ of 1 

C= cot cot —— 
N n at ¢ 
spul 
where L = length of tangent span, inches; P = pitch § int 
of chain, inches; N and m are the numbers of teeth in A 
the large and small sprockets, respectively; and the § wid 
angles 180/N and 180/n are in degrees. wha 
usué 
cord 

“Human incentives are simple, and relatively few § ter ; 
in number. Most of us derive personal satisfaction § as j 
from a knowledge that we have done our best, and § The 
some would consider this inner satisfaction as ade § less 
quate reward. Some strive for the prestige suc § bety 
cess will bring, for the admiration and respect of & Inst 
their fellowmen. Some work for power and the it: § eter 
fluence so obtained over the lives and activities o § ang! 
others. But for most of us, I think we will agree § with 
that the strongest and most desirable incentive of all ting 
is financial gain—not, of course, in money itself, bu! § proc 
because of what one can do with it.”—-CRAwrorD H. § the 
GREENEWALT, president, E. I. duPont de Nemours ¢ § dray 
Co. widt 
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SUAL textbook presentations of gear tooth 
U geometry for generated involute gears work- 

ing at nonstandard center distances have de- 
terred many designers because of the complications 
which seemed to be involved. However, rational ex- 
amination of the essentials of the problem shows that 
these complications are superfluous. The object of 
the design procedure presented in this article is to 
achieve the utmost simplicity while still offering such 
flexibility that almost every problem in gear design 
can be solved without resorting to hobs or cutters 
of nonstandard pitch. There need be no exception 
at all for helical gears, and only in rare cases for 
spur gears—for example, where the number of teeth 
in the pinion must be very small. 

Although there is no single procedure which is 
widely accepted for the design of gears to work at 
what may be called nonstandard center distances, the 
usual course is to fix the diameter of the pinion ac- 
cording to the number of teeth, the pitch of the cut- 
ter and some correction system, considering the pinion 
as if it were meshing at a standard center distance. 
The outside diameter of the gear is made greater or 
less than the standard amount by twice the difference 
between the working and standard center distances. 
Instructions are given for calculating the pitch diam- 
eters of engagement and for determining the pressure 
angle of engagement, which is used in conjunction 
with involute functions to find out how much the cut- 
ting depth of the gear must differ from standard to 
produce no backlash. It is usually recommended that 
the tooth form of the gear should be set out on the 
drawing board to help in deciding whether its tip 
width or its approach to undercutting are acceptable. 
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Distinction between standard and nonstandard cen- 
ter distances for involute spur or helical gears is 
purely artificial, and in the system of design described 
here is not recognized. Although it is conventional 
to say that the designed center distance of a pair of 
gears is half the sum of the pitch diameters, it is well 
known that an involute gear has no actual pitch di- 
ameter. This inconsistency is avoided by specifying 
that the designed center distance is half the sum of 
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Fig. 1—Basic helical gear dimensions shown in- 

clude helix angle y, axial pitch p,, normal pitch 

p,, normal pressure angle ¢,, and normal back- 
lash B 
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the tip diameters less the standard working depth of 
the teeth, which gives 


d, 7 D, 
c = —— - (1) 
- Py, 


Factors are defined in the Nomenclature and Figs. 
1 and 2. 

Equation 1 refers not to an imaginary diameter, 
but rather to a directly measurable quantity of each 
gear, the diameter of its tip-circle. The essential di- 
mensions of the teeth at this stage are the working 
depth, 2/P,, and the full depth, taken here to be at 
least 2.25/P,, Fig. 2. Limitations discussed here and 
underlying Fig. 3 refer to a normal pressure angle of 
20 degrees; however, the same general methods are 
applicable to teeth of any nominal pressure angle. 

For helical gears, the approximate value of the 
helix angle, y, is selected to suit operating conditions, 
while the exact value is selected to make p,, which is 
equal to p, cosec y, expressible as a ratio of small 
whole numbers, TABLE 1*. Pinion and gear outside 
diameters may be obtained from 

Npsecy + 3 


Py 


Ngsecy +S 
D, Ee : ‘ ‘ , (3) 
P,, 

In these equations, the outside diameter is equal to 
the pitch diameter of generation, (N sec y)/P,, plus 
twice an “addendum” which is 3/P,, in Equation 2 and 
S/P,, in Equation 3—a contrast to the more conven- 
tional form in which the addendum is taken as 2/P,, 
for both gears or, alternatively, pinion and gear are 
given different addendums, totalling 4/P,,. 

In the design stages, S may be given any value in 


*W. A. Tuplin —‘What Helix Angle?,’’ MACHINE DesIGN, April 1951, 
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Nomenclature 





B= Normal backlash, inches 
C = Center distance of gears, inches 
dB = Incremental change in backlash, inches 
d, = Base diameter, pinion or gear, inches 
dh = Incremental change in tooth depth, inches 
d, = Outside diameter of pinion, inches 
D, = Outside diameter of gear, inches 
g = Thickness of pinion tooth, inches 
G = Thickness of gear tooth, inches 
h = Height of pinion tooth, inches 
H = Height of gear tooth, inches 
lp = Lead of pinion, inches 
l, = Lead of gear, inches 
yp, Ng =Number of teeth in pinion or gear 
p, = Axial pitch of pinion and gear, inches 
Pp, = Nominal normal circular pitch, inches 
= Nominal normal diametral pitch 
= Quantity defined by Fig. 1. 
= Normal pressure angle, degrees 
Helix angle, degrees 
Constant 


the range specified in Fig. 3 for value of Ng and y, 
If the designed center distance is fixed, the value of 
S is determined by Equation 13. If the designed center 
distance is not closely restricted, there is a slight 
preference to give S the nearest permitted value to 1, 

For the special case of equal diameter gears, d, = 
D,, Equation 3 should be used for calculations. Again, 
S may be given any value permitted in Fig. 3. If the 
designed center distance is not closely restricted, 
there is a slight preference for giving S the nearest 
permitted value to 2. 

Lead distances may be calculated from 


lp = Nppz 


le = NeP:z 
Dimensions of tooth thickness and height, shown 
in Fig. 2, may be determined from 


1.708 
P» 
1.189 
aa 
0.3218 + 0.745 
ee 


0.4428 — 0.137 
H =- — . iS ; (9) 
P, 


These tooth thicknesses correspond to cutting full 
standard depth and provide a normal backlash of 


(10) 


For additional backlash, dB, the thickness of each 
gear should be decreased the amount (dB sec 4¢,)/2 
which equals 0.53dB when ¢, is 20 degrees. The 
corresponding excess over standard depth is (dB 
cosec ¢,)/4 or 0.73dB if ¢, = 20 degrees. 

To secure the condition of no backlash at the de- 
signed center distance, the cutting depth must, in 
general, be less than standard. In such cases, the 
bottom clearance is also less than standard but is 
still adequate for all practical purposes. There is no 
need for special reduction in tip diameter (or top- 
ping) that is often specified in such circumstances. 

Slide-rule calculation is sufficiently accurate for 
this method of design provided that the final value of 
D, is determined from 


4 

D, = 20 —- d, + — (11) 
Slide-rule calculation of D, by Equation 3 may not 
exactly agree with result obtained with Equation 11, 
in which case the value given by Equation 3 should be 
disregarded. Any considerable discrepancy between 
values of D, indicates some arithmetical error. 

If center distance, numbers of teeth and helix angle 
have been tentatively fixed, the approximate value of 
P,, can be determined from 


. 12) 
P, 3 —— (ip + He) soc y +3) | ( 


By appropriate selection of the helix angle, y, values 
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(4) 
(5) 


wi 





standard values. The same flexibility is not avail- 
able in spur gears since y = 0. However, to best 
present the method of design described here, no use 
will be made of this possibility in angle selection. 

When a tentative value of P, has been found, S may 
be calculated from 







8 = 2CP, — (Np + Neg) secy +1. (13) 






If the value obtained from this equation falls within 
the range permitted by Fig. 1 for the particular values 
of N; and y, the proposed value of P, and the calcu- 
lated value of S may be adopted. Dimensions of the 
gears may then be calculated from the various equa- 
tions previously enumerated. 










Application of Equations: As an example, deter- 
mine the dimensions of a pair of helical gears to op- 
erate at a center distance of 15 inches and a ratio of 
about 23/63. The teeth are to have a helix angle of 
31 deg 34 min and are to be cut by a hob of standard 
normal diametral pitch. Axial pitch for this helix 
angle is 6/P,,, TABLE 1. 

From Equation 12, P, = [(23 + 63) 1.172 + 1]/2 
(15) = 3.39. 

The nearest standard diametral pitch is P, = 3.5. 
Using this value in Equation 13, S = 2 (15) (3.5) — 
86 (1.172) + 1 = 5.2. 

Referring to Fig. 3, this value of S is greater than 
is permissible for N = 63 and y = 31 deg 34 min. It 
is therefore necessary to adopt either a coarser pitch 
than P,, 3.5 or to increase the numbers of teeth. 
The former is impractical because of the considerable 
step from a pitch of 3.5 to the next standard pitch 
of 3. The alternative is to increase the numbers of 
teeth approximately in the ratio of 3.5/3.39, which 
























means NV, 24 and N,, 66. Tentatively adopting 
this basis, and using Equation 13, S 2 (18) (3.5) 
90 (1.172) + 1 = 0.5. 





Next, trying Np = 24 
2 (15) (3.5) — 89 


This also is inadmissible. 
and N,. 65 instead of 66, S 
(1172) + 1.67 = 1.67. 

This value of S is within the permitted range and 
may be used. 

From Equation 2, d, 
8.90 inches. 

From Equation 3, D, 
22.25 inches. 

From Equation 1, C = (8.90 + 22.25)/2 — 2/3.5 
- 15.004 inches. Since this does not give an exact 
result of C = 15.000, the value of D, is derived from 
Equation 11 to give D, = 2 (15) — 8.90 + 4/3.5 = 
22.243 inches as the exact solution. 

Using these accepted values, the other quantities 
may now be evaluated. 

By definition, p, = +/P, and p, = ( cosec 31 deg 
4 min) /P, — 64/3.5¢ = 12/7 inches. 

From Equation 4, Ip = 24 (12)/7 = 288/7 inches. 

From Equation 5, 1, = 65 (12)/7 = 780/7 inches. 

From Equation 10, B = [0.65 (0.67)2 (cos? 31 deg 
34 min) ]/15 (3.5)2 = 0.0012 inches, which is normal 
backlash with full depth teeth. 

From Equation 6, g = 1.708/3.5 — 0.488 inches. 







[24 (1.172) + 3]/3.5 






[65 (1.172) + 1.67]/3.5 = 
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of P, may be obtained which closely approximate 





From Equation 7, h = 1.189/3.5 = 0.339 inches. 
From Equation 8, G = [0.321 (1.67) + 0.745]/3.5 
= 0.366 inches. 

From Equation 9, H = [0.442 (1.67) — 0.137]/3.5 
= 0.172 inches. 

If zero backlash is desired, each tooth thickness 
should be increased by 0.0012 (0.53) = 0.0006 inches. 
This makes each tooth depth less than the standard 
amount by 0.0012 (0.73) = 0.0009 inch. These com- 
putations for eliminating backlash are given merely 
to illustrate the procedure and are not meant to sug- 
gest that such fine control of tooth thickness is easily 
attainable by the ordinary gear cutting processes. 


Analysis of Equations: In the method of design 
described, a so called correction system has been used 
and gears have been proportioned to work at non- 
standard center distances. Neither of these terms is 
necessary, and as no pitch circle is mentioned, it is 
impossible to specify an addendum. All of these des- 
ignations date back to the cycloidal system of toothed 
gearing and it has taken a long time to realize how 
useless these encumbrances are in a method of design 
based on tooth generation by standard cutters. 

This method is much simpler than the normally 
recommended design procedure for nonstandard gears; 
in particular, the involute function is not even men- 
tioned. Also, slide-rule calculation is sufficiently 
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Fig. 2—Basic dimensions of simplified system of design 
include thickness tooth G, and height H. Conventional 
addendum and pitch diameter are disregarded 














accurate for determining essential dimensions. 

The simplicity of this method has been found quite 
disconcerting by some gear technicians who have been 
accustomed to enduring the conventional complica- 
tions. However, the important and extremely useful 
fact that seems to have been forgotten is that for a 
given number of teeth, normal pitch and helix angle 
a gear may have any outside diameter within a cer- 
tain range. With outside diameters not in that range, 
the tooth form may be unsatisfactory either because 
it is weakened by undercutting or has an undesirably 
narrow crest. Limits within which satisfactory tooth 
shapes are produced are defined in Fig. 3, and, al- 
though these ranges are not everywhere as wide as 
they might be, they avoid any need for a nonstand- 
ard cutter for any application. Limiting values of S 
have been determined empirically to avoid sharp 
cresting of the teeth and undercutting. 

Although the normal pressure angle of the generat- 
ing cutter is 20 degrees, the working pressure angle, 


even of a spur gear, is not necessarily the same, but 
departure from that figure never causes bearing loads 
to be appreciably greater than those corresponding to 
a 20 degree normal pressure angle. Anyone who feels 
the need of reassurance on this point may, of course, 
always calculate the working pressure angle by well 
known textbook procedures, and may determine the 
tooth form by calculation or otherwise. There is, 
however, no practical need for this determination, as 
it has all been done many times before. 

With straight spur gears, the load capacity for 
given materials, gear diameter and tooth face width 
tends to rise with increase in working pressure angle. 
If it is desired to take advantage of this extra capac. 
ity, and if the center distance is not closely restricted, 
the value of S should be the largest permitted by Fig, 
3. The “slight preference” mentioned after Equation 
3 is overridden in this case, but it still applies to 
helical gears because their load capacity is independ- 
ent of pressure angle. The working pressure angle, 
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Fig. 3—Limiting values of S, determined empirically to avoid sharp — and un- 
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4, of spur gears for this method of design is 


Np + Ne )] 
2P,,C 





; to dw = cos"! | 0.940 ( 












yhere 0.940 = cos 20 deg. 
vell @ in the method of measuring tooth thickness given 
the jere, the formulas refer to measurement between 
'S Bioints at which the tangent planes are inclined to 
48 @ ach other at 40 degrees. For a given normal pitch 

umd helix angle, this dimension depends only on its 
for Bistance from the plane at which the rack tooth thick- 
ith sess is haJf the pitch, and not on the number of teeth 
le. in the gear. In Fig. 2, O represents the axis of the 
vel gar, the arc AA’ part of the pitch circle of genera- 
* tion and arc BB’ part of the tip circle. A tooth is 
hs jlaced symmetrically in relation to the point (Q) of 
on Bontact of the pitch circle of engagement of the gear 
; md the pitch line of engagement of the imaginary 
nd- 





rack whose points of contact with the gear tooth are 
determined by drawing perpendiculars QC and QC’ 
fom Q to the flanks of the rack teeth. The space 
vidth of the rack is half the pitch at a distance 1/P, 
fom the inner and outer limits of the working depth. 
Consequently, at a radial distance 1/P,, from the tip 
ticle of the gear, the space width DD’ of the rack is 
/2P,. At the distance, S/2P,, of the pitch circle of 
gneration from the tip, the space width differs from 
DD’ by the product of 2 tan ¢, and the difference be- 
tween 1/P,, and S//2P,,. 
From the geometry of Fig. 2: 





le, 


















S-—2 
EE’ = DD’ + 2tan gs ( ) 
2P,, 















: | > ioe ] 
= — _ an 
P, 2 On 
G = CC’ = 2CQ cos ¢, = 2EQ cos? ¢,, 
cos? 7 
— oe [ = + (8-2) tang, | 
P, 2 





ff ¢, = 20 degrees, Equation 8 is obtained. Also, 





FQ = CQ sin ¢, = EQ sin ¢, COS gy, 





H= KF = KQ — FQ 


8 sin ¢, Cos " 
=. — See | = + as — 2) tanger | 
2P,, 2P,, 2 











If ¢, — 20 degrees, Equation 9 is obtained. 

For the pinion, S has the value 3. Inserting this 
value in the expressions for tooth thickness and 
teight of tip above the plane of measurement gives 
Equations 6 and 7. 

If the depth of cutting is changed by an incre- 
mental amount dh, the distance between the two posi- 
tions of the basic rack, measured perpendicular to 
te flank, is dh sin ¢,, and if the same change is made 











Table 1—Preferred Helix Angles 





(| 
ee 














Normal Pitch Axial Pitch Helix Angle 

ee 

Standard Circular Pitch 4 ~, 14° 30’ 
2.5 P, 23° 30’ 

s 2 »p, 30° 

Standard Diametral Pitch 12/P,, 15° 12’ 
8/P,, 23° 10’ 
6/P,, 31° 34’ 
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in the mating gear the increase in normal backlash 
is 4 dh sin ¢,. Therefore to change the backlash by 
an amount dB the cutting depth of each gear must be 
changed by dh = dB/(4 sin ¢,) = 0.73dB if ¢, = 20 
degrees. The corresponding change in tooth-thick- 
ness measured from C to C’ is 2 dh tan ¢, = (dB sec 
on) /2 = 0.53dB if ¢, = 20 degrees. 

The scheme described in this article applies to in- 
volute gears with 20 degree normal pressure angle 
and working depth equal to 2/P,. The same prin- 
ciples can be applied to involute gears with different 
forms of basic rack; the only essential differences in 
design procedure are in the permitted range of S and 
(where the pressure angle is varied) in the tooth 
thickness and height. ‘hese quantities, as defined 
for two alternative rack forms, are: 

1. For a normal pressure angle of 20 degrees and a 
working depth of z2/P,,: 





10 cos? y 
Smax = §.25 — 0.625 2 ae 
Ne 
20cos? y 
Smin = & . -- 
Ne 


2.350 — 0.321 z 
= P, 


1.072 + 0.0585 z 
P, 





1.387 + 0.321 (S — 2) 
P,, 
me 0.442 S + 0.0585 z — 0.254 
= x 








2. For a normal pressure angle of 14% degrees and 
a working depth of 2/P,: 

















g E- 16 cos? y 
max — No 
32 cos? y 
Bain = 1 + aeeeene ~~ spaamemecen 
Ne 
_ 1.714 
> P, 
1.280 
a= 
Pr 
0.2428 + 0.988 
G= 
Py 
0.4698 — 0.127 
a = 
P, 
p — 0.94(8 — 1)? cos? y 
= P,2 


For extra backlash dB, the tooth thickness of each 
gear should be reduced by 0.52dB. The correspond- 
ing excess over standard depth is dB. 

Base diameter may be calculated from 


N 
& = — 


y( Py, SCC dp ~—*_) (P, see + = ) 
Px Pr : 
Although this dimension is not required for manu- 
facturing purposes, it may be needed to set up certain 
types of tooth-profile testing machines. 























Piston Bal 


F INISHED weight of automotive 
pistons is established within plus or 
minus 0.035-oz in fully automatic 
production by the new Morris pis. 
ton balancer, left. Without oper. 
ator handling, pistons enter the 
balancer from a conveyor line, are 
corrected for weight by end-milling 
metal from trim pads inside the 
skirt and then are discharged onto 
a distributing conveyor. 
Operation of the balancer is elee- 
tromechanical throughout, with 
cams and _ linkages co-ordinating 
the various motions during cycles 
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s Weight Pads 


ranging between 5 and 8 seconds length. On entering 
the infeed chute, proper orientation of the pistons 
is determined by an interference finger which extends 
through and inside one sidewall of the chute. If in 
reverse position, the piston is delayed by the finger 
until manually removed from the chute and reposi- 
tioned end-for-end. Properly oriented pistons are in- 
dexed for preliminary weighing, below left, onto the 
platform of a Shadograph beam scale. 

In this weighing operation, which constitutes an 
automatic inspection for proper trim-pad machining 
allowance, pistons of abnormal and subnormal over- 
weight are detected for subsequent discharge into 
either of two discharge chutes beyond the scale for 
further inspection. Trapdoors over the overweight 


_ATO-ME_ 40x 





and underweight chutes are solenoid-controlled from 
the weight grading scale. 

If the weight of the piston is within prescribed 
limits, both trapdoors remain closed and the piston 
advances toward the balancing station. 

An escapement mechanism, photo below, delivers 
the preweighed and properly oriented piston to a 
second Shadograph scale. Beam oscillations caused 
by the piston rolling into the scale V-blocks are 
damped by a built-in dashpot. When the beam comes 
to rest it is clamped in position to record the weight 
of the piston. By electrical control, recorded over- 
weight is translated into terms of milling-cut depth 
required to remove the excess metal (weight) from 
the trim pads. Depth of cut is established with ref- 





pate a * 
pee cent ee BR: 













erence to the bottom of the piston skirt. 

After “weighing-in” at the recording scale, the 
piston is lifted out of the scale V-blocks by a trans- 
fer arm and positioned on a locating ring against 
which it is held centrally by an overhead collet. An 
inserted-tooth cutter advances upward to the pre- 
determined depth and trims off the excess metal. Chip 
removal from the trimming operation is by suction- 
aided gravity flow through the locating ring into a 
disposal duct. When the cutter head recedes, a me- 
chanical hand advances from the side and transfers 
the balanced piston from the chuck to a discharge 
trough through which it passes to a conveyor. 


DNTEMPORAR 


The control mechanism of the piston balancer js 
powered through a combined V-belt and wormgear 
drive from a 1.5-hp motor, center, previous pages. The 
worm of this drive may be crank-operated with safety 
for setup purposes. Access to the worm is gained 
through a flap-covered hole in the belt guard. Swing. 
ing the flap aside to permit insertion of the crank 
opens a limit switch normally held closed in the mo. 
tor circuit. This prevents accidental motor operation 
while the crank is in use. 


Fishing Reel Funnels Line 


Oum different from ordinary fishing reels is 
the new Shakespeare No. 1850 spinning reel, below. 
Characteristic of this new design is the coaxial posi- 
tion of the reel spool with respect to the rod instead 
of the ordinary crossed-axes arrangement. Operation 
of this type reel is unique in that normally the line 
spool is stationary, whether casting or retrieving. 
When casting, the line spirals freely from the 
stationary spool inside an outer cone-shaped hous- 
ing. Through the nose of this housing the line “fun- 
nels” out in straight-line fashion without whip. Note- 
worthy in operation of the spinning reel is the ab- 
sence of reel inertia which ordinarily requires sen- 
sitive control to prevent backlash and fouling of the 
line. Casting distance is determined simply by finger- 
snubbing the line itself during runout while the reel 
mechanism is locked in position to clear the line. 


Driven by crank rotation through a 4 to 1 ratio 
bevel gear speed increaser, an inner cone assembly 
automatically picks up the line and, through simulta- 
neous rotation and reciprocation, level-winds it onto 
the spool. Reciprocation is imparted to the inner 
cone by a scotch yoke arrangement designed into the 
crown of the bevel drive gear at the end of the crank- 
shaft inside the main housing. 

The line is picked up by a round Carboloy finger 
which normally is retracted inside the inner cone. 
With crank rotation the pickup finger swings out- 
ward through an aperture in the wall of the inner 
cone and sweeps around inside the outer housing. 
Two round wear strips, also of Carboloy grade 883 
are brazed across the ends of the aperture to resist 
abrasion from the line as it is guided over the inner 
cone and onto the spool. Tension or tautness of the 


Carboloy 


Nylon line 
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jne is controlled by axial friction braking against 
me flange of the spool. Friction material is a felt 
fing shouldered in a threaded and knurled adjusting 
ring which also supports the outer cone through a 
Jip fit. Contacting end serrations on this ring, a 


spring finger maintains adjustment of the brake. 
Made principally of aluminum, the new model cast- 
ing reel weighs but eleven ounces. The aluminum 
parts are anodized prior to final finishing in forest 
green enamel. Line spools are interchangeable and 
require no special tools for removal. These spools 
range in capacity from 70 yards of 0.014-inch diam- 
eter to 300 yards of 0.008-inch diameter Nylon line. 


Steel Tape Drives Gear Grinder 


A NEW and unique gear grinding attachment 
which enables generating a variety of involute and 
other forms on a surface grinder, below, utilizes a 
steel-tape drive in conjunction with a cross-slide link- 
age to generate the forms. At one end, the two tapes 
employed are anchored to a master cylinder or roll, 
bottom photo. Carried on top of this roll is a spring- 
loaded finger which, in conjuction with an index plate 
on the fixture spindle, establishes circular spacing of 


ae 
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the gear teeth. Index plates are interchangeable. 
From the master roll, the tapes loop around idler, 
rolls and are fastened at the other ends to a manually 
reciprocated slide bar; see sketch below. A stud on 
the underside of this bar engages a slotted operating 
lever which is fulcrumed on an adjustable pivot. 
The operating lever is also pivoted to the underside 
of the cross-slide so that when it is oscillated between 
fixed stops, co-ordinate oscillation of the spindle and 
transverse reciprocation of 
the cross-slide result. These 
motions, in conjunction 
with a_ grinding wheel 
formed to basic rack-tooth 
proportions, generate in- 
volute teeth in solid or pre- 
formed blanks as the wheel 
is fed to depth during table 

traverse. 

For various diameter 
gears, the adjustable pivot 
is located simply by a gage 
block combination equal 





CONTEMPORARY DESIGN 





in length to one-half the gear pitch diameter. A 
ground strip along the base of the cross-slide facil- 
itates positioning the generator angularly for pro- 
ducing helical gears. 

This new DoALL development enables generating 


gears of any pressure angle, of 2 to 100 diametral 
pitch, and from one-half to six inches diameter 
on a low quantity basis at minimum tool investment. 
Involute spline members and chain sprockets also 
may be produced with the universal gear generator. 


Welded Design Improves Jointer 


Licurer weight, greater rigidity, and more per- 
manent accuracy are achieved through design for 
welded-steel construction in the new Boice Cran 
jointer, left. Material and labor savings also are re- 
alized out of the development since the weldments are 
designed for production welding in jigs to minimize 
stock allowances for finish machining. Several small 
steel castings are employed in conjunction with the 
formed members to avoid complex machining. 

Of particular importance is the rigid girder-like con- 
struction of the two-section table, bottom left. One 
half of the table is adjustable in elevation with respect 
to its stationary complement on machined dovetail 
guides. A handwheel-operated elevating screw ad- 
justs the table level for cut depths as indicated by 
a linear scale at the dovetail joint. Adjusting and 
locking screws are provided on one side of the female 
guides for aligning and locking the table setting. 

High-speed steel blades of the cutter head, below, 
have built-in clamping screws and jackscrew elevating 
plugs are provided to facilitate relocating the cutter 
blades after resharpening. The ball bearing head may 
be V-belt driven, or direct driven from a flange- 
mounted motor, left. 

A protractor scale on the welded triangular-section 
side guide indicates angular adjustment for bevel- 
ing edges. Three mounting pads on the feet of the 
stationary table members have hold-down bolt holes 
through their centers. Distortion of the table by 
hold-down forces is thus avoided, even though the 
jointer may be mounted on an irregular bench sur- 
face instead of the fabricated base shown. 
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ONVENTIONAL methods for calculating the 


ad- strength of bolts are based upon the assump- 
by tion that the bolted members are rigid bodies. 
and #lhese methods are satisfactory for assemblies under 
rale fBteady load conditions. However, they become un- 

satisfactory if the load acting on the bolted as- 
ow, femblies periodically changes. 


ing § This article will develop a rational method for cal- 
iter Beulating the strength of bolts for repeated loading 
nay #eonditions based on actual forces acting on the bolt, 
ge- Fhe range ratio of these forces, stress concentration, 
local stresses, and fatigue properties. Also included 
ion is a study of how size and form of individual bolt 
yel- Hharts influence the reliability of bolts. 
the Recently a number of articles have been pub- 
les Hished!. 6, 7, 40 suggesting methods of calculation 
which consider some of the factors influencing 
irength of bolts under repeated loading. The fol- 
lowing analysis presents another method which in- 
roduces effects of these factors. 


a) 


the 
ur- 


Actual Loads Acting on the Bolt: 
sed throughout are 


The symbols 


= Tensile stiffness constant of the bolt, pounds 
per inch 

¢. = Compressive stiffness constant of the connected 
parts, pounds per inch 

F = External load on a single bolt, pounds 

P= Tension load due to initial tightening of the 
nut, pounds 

F, = Effective additional tension force acting on the 
bolt due to the external force F', pounds 

P. = Critical tightening load, pounds. 


’ 


P his critical tightening load, P,, is the smallest mag- 
litude of the load P which will prevent the connected 
parts from being separated from each other when the 


"References are tabulated at end of article. 
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bolts subjected to periodically changing loads 


external load F is applied. 

The tightened bolted assembly can be represented 
schematically as a system which consists of two 
springs, Fig. 1. One of these springs represents the 
bolt and is extended; the other spring represents the 
connected parts and is compressed. Due to initial 
tightening by the force P, the bolt extends elastically 
by the amount §,, whereas the surrounding hollow 
body is compressed by the amount §,, Fig. 2. The tan- 











gent of the angle @ is the ratio between the force and 
the corresponding bolt extension 


P 
tan @ = Ache hasta ss Wied os (1) 
b 


This is equal to the tensile stiffness constant of the 
bolt, c,. Similarly, tan @ is the ratio between the 
force P and the corresponding compression of the con- 
nected parts. 


P 

tan ¢ = —— F (2) 
Thus, tan ¢ is equal to the compression. stiffnes con- 
stant of the connected parts, c,. 

The triangle ABC can be constructed. By adding 
the external force F to the system, the bolt experi- 
ences an additional extension A$, and the final com- 
pression of the spring representing the connected 
parts becomes smaller by the amount Aéd,. Therefore, 
the bolt force P increases by amount F,, to the amount 
F noo» Simultaneously, the load on the compressed 
parts decreases by the amount P, to the magnitude 
of P,. The sum of the forces F,, and P; must be equal 
to the external force F for the condition of equilibri- 
um, namely 


F, + P3 = F (3) 


Therefore, the polygon ABDEC takes a fixed form. 
With the help of the diagram, Fig. 2, it is possible to 
determine how the magnitudes of P, and F,, depend 
upon the force F and the stiffness constants c, and c,.** 
From the triangle BDF 
F (A 8,) tan @ - (A 8),) Cc), 
Similarly, from triangle BFE it follows that 


P; = (A 8,) tan ¢ = (A 8,)c¢, . (5) 


By substituting Equations 4 and 5 in Equation 3 


F = P; + F, = (485) (ce. + Cp) 


F 


A& = - —. 
Cy + C, 


After substituting Equation 6 in 4: 


Cp 
F, = (A 8p) Cy = F ————_. ... . (7) 
Cy + Cy 


The resulting additional tensile force F,, corresponds 
to the peak value of the variable external force F. 
When the external load acting on a bolted assembly 
changes in the limits F =F, up to F = Fs, the effect- 
ive variable load acting on the bolt has a range of 
values from F,,, to F,. as shown by Equation 7. Also 
the magnitude of P, could be found. According to 
the definition, the critical load P,, is of such a magni- 
tude that the connected parts are compressed with 
a minimum force approaching zero as the external 
load approaches its maximum value F. With the ex- 
ternal loading F, P, = 0. From the diagram it fol- 


136 


lows that 
P= P. + Ps 
and with P, = 0, then P, = P;. From Equation 3 
P,.= F -— J, ... ; rr : (8) 
By substituting Equation 7 in Equation 8: 


Co Ce 
P, = F — F ———— = F — —_ (9) 
Cyt Ce Cy + Ce 


If the initial tightening load equals P,, the force with . 


which the members are pressed together is changed 
between the limits P, and 0 during the reversal of 
the external load between 0 and F. In order to avoid 
an impact condition and to insure a leak-proof fit 
in the assembly (cylinder head, air chamber, etc.), 
it is customary to make the magnitude of P larger 
than P, so that 


P= Bs .«..: ‘ (10) 


in which k usually varies from 1.2 to 1.5, but can also 
be. greater. The value of k depends on the type 
of the bolted assembly and on the accuracy with 
which the external force F and the stiffness con- 
stants, c, and c,, may be determined. 

The dependence of P, and F,, on the ratio of stiff- 
ness constants c, and c, is graphically represented 
in Fig. 3. We see that the stiffness ratio very greatly 
influences the additional variable force F,,. In strength 
calculations it is important to recognize not only the 
maximum effective force acting on the bolt but also 
the change of the force with respect to time, which 
also greatly influences the strength of the bolt. The 
type of loading is conveniently represented by the 
range ratio, R, of the limit values of the loading 
cycle; that is, the ratio between the lowest load 
value to the highest value, considering their signs: 
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Meh MAMI os co coe ka bn ou nc ace omcaneuekoc ans (11) 
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tion 3 if the frequent case is taken in which the external 
jad on the bolted assembly changes from 0 to F, 
(8) and if the magnitude of the initial tightening force 

is taken equal to P,, then: 





Ce 
‘ Prin = P, = F ———_ 

(9) Cp > Cc. 

.., and 
- with 
anged c Cc 
sal of Puar = Pe + Fy = F : + : )= 

' Cp + C, Cy + ©, 
avoid 


of fit§and the range ratio of the tension force acting on 
etc,),g the bolt is, therefore, 





arger 
Ce 
~~ Cy + Ce. - Ce 
(10) F Otc 


1 also™ In practice the tightening load P must be somewhat 
type greater than P,. Therefore, the type of bolt loading 
with fis somewhat different and, consequently, the range 
con-§ ratio is somewhat higher than the value c,/(c,+¢,). 

However, the previous example shows the manner in 
stiff-§ which the stiffness constants c, and c, influence the 
ented ff type of bolt loading. 

eatly—’ Thus, from the previous discussion and considera- 


= tion of Fig. 2, the equations for the general case are 
y the 
also Ce Co 





pe Pues = P + F, = hP ——— + FP ——_—_ (12) 
rhich Cr + ¢, cr + ¢, 

The 

the and also 

ding 





P+ Fo =F... sila a aieadnhe cea 





load 
iS: 





Of the two forces, P, and F,, the force F,, is more 
critical for two reasons. First, strength of materials 
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is lower for variable loading than it is for steady 
loading; and secondly, stress concentration affects 
the strength considerably when the load is variable. 
Thus, in order to increase the reliability of the bolt, 
the force F, should be decreased at the expense of 
increasing the force P,. This is clearly seen by refer- 
ring to Fig. 3. Hence, the rule for the design of bolt 
assemblies subjected to repeated loading can be 
stated, “The stiffness of the bolted members must be 
as high as possible and the stiffness of the bolts as 
low as possible,”? 


DETERMINATION OF TWISTING MOMENT: With the 
tightening of the nut, a twisting moment arises due 
to friction between the nut and bolt threads. This 
moment may be determined from 


A+ Y 
M = Pry 
cos a 





where r,, = mean radius of the thread, inches; A = 
helix angle of thread at the mean diameter; y = 
angle of friction; « = half angle of thread, measured 
on the plane through the axis. 

In practice, it is more convenient to use 


me Be 5 siswita.-s (14) 


where 8 = coefficient, determined experimentally; 
D = nominal diameter of the bolt, inches. 
Coefficient 8 depends upon the magnitude of the 
angle of friction as well as upon the type of thread. 
Apparently the type of thread has little influence on 
the twisting moment, M. Value of the angle of fric- 
tion, however, varies significantly. Results of numer- 
ous experiments show that coefficient 8 depends on: 
(1) materials of the bolt and nut, (2) type of heat 
treatment, (3) method of forming the threads, (4) 
condition of thread surface due to wear, (5) kind 
of plating, if any, (6) kind of lubrication, etc. Be- 











cause of these many variables, the value to be used 
for M in strength calculation, when the bolts are 
highly stressed, should be based upon experimental 
data for the case under consideration. 

It must be remembered that torque on the wrench 
differs from the moment, M, which affects strength 
of the bolts. Torque on the wrench overcomes friction 
resistances both between the nut and bolt, and be- 
tween the nut and supporting surface, while the 
moment M, which loads the bolt, depends upon fric- 
tion in the threads only.* 

If specific experimental data are unavailable, aver- 
age values of coefficient 8 for conventional bolt 
threads which can be used in Equation 14 are:2?-7 


Well-lubricated, smooth surfaces... 0.10 
Unlubricated, smooth surfaces ... 0.12 
Well-lubricated, surfaces not smooth . 0.13-0.15 
Unlubricated, surfaces not smooth 0.18-0.20 


Unlubricated refers to practically dry thread surfaces 
(i.e., surfaces that have not been intentionally lub- 
ricated but nevertheless could contain a small residue 
of oil). Well-lubricated refers to oil lubrication. Since 
repeated tightening of bolts eventually wears out 
the thread surfaces, values of 8 under these cir- 
cumstances must be based on thread surfaces not 
considered smooth. Values of 8 given are for steel 
bolts with the threads cut—not rolled or ground—and 
without plating. 

If bolts are highly stressed, it is desirable to re- 

*In gefieral, experiments show, the relationship between torque on 
the wrench and initial tightening of the nut, P, is very inconsistent and, 
therefore, results of calculating the force P by torque on the wrench 
are unreliable. Apparently, the only reliable method at present to de- 


termine initial tightening of the nut is by actual measurement of bolt 
elongation. 


lieve the bolt of torque. If this is done, the twisting 
moment, M, does not need to be determined for 
strength calculation. This condition is considered 
later. 


Stress Concentration and Local Stresses: On the 
threaded portion of the bolt which is inside the nut, 
the following loads act simultaneously: (1) the bolt 
is stretched by the initial load P and by the additional 
variable force F,; (2) the root cross-section is twisted 
by the moment, which arises with the initial tighten. 
ing of the nut; (3) the threads experience bending 
due to the pressure of the nut; (4) due to the pres. 
sure of the nut, shearing stresses arise in the screw 
threads; (5) compression appears between the thread 
surfaces. 

Distribution of the axial load among the individual 
threads is not uniform; thus, the distribution of bend- 
ing, shearing, and compressive stresses among the in- 
dividual threads is also not uniform. The nonuniform. 
ity of distribution of load among the threads arises 
due to elastic deformation of the bolt and nut under 
load. Therefore, this nonuniformity appears even 
in cases of ideal accuracy in thread production. By 
using a nut of a special shape, it is possible to de- 
crease the nonuniformity of force distribution among 
the individual threads and to increase—considerably 
—the endurance strength of the bolt. 

Because of the great complexity of the stress con- 
ditions at the critical cross-section of the bolt, the 
analytical determination of the maximum stress al 
these points is hardly possible. Therefore, the actual 
or effective stress concentration factor, K, must be 
applied. 

This factor represents the ratio of the strength 
of the polished specimen containing no discontinuities 
to the strength of the given member of the same 
material and having the same critical cross-sectional 
area. In determining the actual stress-concentration 
factor, the same loading range ratio, R, must be ap- 
plied to both the polished specimen and the member. 

The subscript with K indicates the magnitude and 
the sign of the range ratio of the corresponding |oad- 
ing. Therefore, the actual stress-concentration factor 
for alternate loading is K_,, for steady loading K,;, 
and for loading which changes from 0 to maximum 
it is Ko. 

Any fluctuating load without impact can be in- 
terpreted as a combination of a steady load ( with 
R = +1) and an alternate load (with R = —-1), 
Fig. 4. Thus, for strength calculations it is reces- 
sary to know the actual stress-concentration factors 
for both steady and alternate loading. The effect of 
the local stresses in the threads and stress concel- 
tration on the strength of the bolts for steady 1oad- 
ing has been checked by a number of investigators.** 
These investigations indicate that for static loading 
the factor K,, can be considered as equal to one. 
For some steels K,, is found to be somewhat less 
than one. Based on these results, the influence of 
stress concentration and local stresses in bolts for 
cases of steady loading can be neglected. 

Such is not the case for alternate loading, w¢ré 
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stress concentration and local stresses greatly in- 
fluence the strength of bolts. The effect of these fac- 
tors on the strength of the bolts for variable loading 
has been investigated by a number of investigators.® 
'2,15-25 In some of these experiments the bolts were 
investigated under conditions similar to those existing 
in actual bolted assemblies. Available data on actual 
stress-concentration factors in threads are still not 
quite sufficient for reliable determination of their 
magnitudes. However, on the basis of data published 
it is possible to accept for the present the values 
shown in TABLE 1 for K_, 

Values in TABLE 1 refer to bolts with the threads ma- 
chined by cutting. When the threads are not heat- 
treated after forming and are either formed by roll- 
ing or by rolling after initial cutting, values of K_, 
are lower than those given in the table. This de- 
crease due to the rolling process could be stated in 
per cent of the values given in TABLE 1 as follows 
for various bolt materials:® 23-3° 


. 14-18 per cent 
. 20-24 per cent 
. 80-40 per cent 


Medium carbon steels ... 
Ductile alloy steels __. 
Hard alloy steels 


Influence of stress concentration on strength of 
the bolts for different stress range ratios can be 
clearly represented by the Goodman’s diagram, Fig. 5. 
In this diagram the abscissa represents the value of 
the steady (mean) stress components and the ordi- 
Nate represents the limits of the nominal stresses. 


The point A is the endurance limit ¢_,, of the bolt 
material, with a steady stress, o,,, equal to zero. This 
point is the endurance limit for symmetrical reversed 
cycle of stress, as obtained from tests of polished 
notch-free specimens. The point A’ corresponds to 
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the endurance limit of the threaded specimens, with 
nuts. This ordinate is equal to o_,/K_,. Point C 
is the limit value for steady loading. It corresponds 
to the yield point of the material, o,. Point C’ is the 
yield point o’,, as obtained from the test of threaded 
specimens with nuts. Line ABCDEA represents the 
endurance limits for notch-free specimens for dif- 
ferent range ratio of loading cycles. The line 
A’B’C’D’E’A’ has the same meaning but for specimens 
with threads and nut. The diagram shows not only 
the influence of the notch but the combined influence 
of all factors which lower the design strength of the 
bolt and nut assembly. Reliable experiments by Pomp 
and Hempel!? show that the line A’B’ could be taken 
as a line parallel to the straight line OC (zero to o,) 
with sufficient accuracy for practical calculations. 
That is, for repeated bolt loading, the limiting am- 
plitude of the alternate stress components (o,) im at 
point M, for example, does not depend upon the value 
of the steady stress component. With this form of 
endurance diagram, the value of the stress limit, 
or, for an asymmetrical loading cycle can be ex- 
pressed by the formula: 


“ _. (15) 





CR = Om + 


Nonuniformity of the stress distribution occurs 
at the junction between the shank and the head and 
at other places where the diameters change. The 
magnitude of the effective stress-concentration factors 
can be taken from the diagram, Fig. 6.31: 3? 


Stiffness of Bolts and Connected Parts: Stiffness 
constant of the bolt can be determined according 


139 











1 


Cr 


(16) 


where c, = stiffness constant of the bolt; c,, co... .C, 
are the stiffness constants of the individual bolt por- 
tions. 


Ey, A 
qj = hon satiate Siete - ; (17) 


iy 

where #, = modulus of elasticity of bolt material, 
psi; A, = cross-section area of the corresponding 
bolt portion, square inches; L,; = length of this 
portion, inches. Stiffness of the connected parts, as 
they are compressed, can be defined analytically when 
the forms of the parts are relatively simple. 

The assembly of two flat plates bound together 
with bolts is an example, Fig. 7. In this case the stiff- 
ness constant of the connected parts is 


E.A 
ee (18) 


where EZ, = modulus of elasticity of the flanging 
materials in compression, psi; h, + hh, = flange 
thickness, inches; A, = effective cross-section area 
of the flange portions which are undergoing deforma- 
tion, square inches. 

These flange cross-sections can be represented 
by compression cones, as shown in Fig. 7, which cut 
the bearing surfaces under the nut and the head at 
an angle of about 45 degrees. Elasticity of a double 
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cone can be determined approximately by replacing 
the cones with a hollow cylinder using the mean cone 
diameter as the outer cylinder diameter and the same 
inside diameter, d, as the cone.1% 33 

Thus, the effective cross-section area is 


7 
A, = — (d;,2 — d?) ees (19) 
If the outside diameter of the bearing surface of 
the nut is set equal to the outside diameter of the 
bearing surface of the head and is designated as D, 
the diameter of the compression cylinder, d,, becomes 


hy + he 
2 wit 


d, = Dn . (20) 


If a thin plate is placed between the flanges, 43 
shown in Fig. 8, the general stiffness constant is de 
termined according to 


; Ee eS eT ere ae 
Ce 


where c, = flange stiffness constant in compression 
obtained as c, from Equation 18; and c, = stiffness 
constant of the plate, which is determined by 


_ BA. 


P hy 


where E, = modulus of elasticity in compression o 
the plate material, psi; h, = thickness of the plate 
inches. 

As was previously mentioned, stiffness of the 
bolted members may be determined analytically witb 
sufficient accuracy for the case of a relatively simple 
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form. When the assembly of the machine members 
igs complex in form (e.g., in the bolted assembly of 
, connecting rod), the stiffness constant, c,, must be 
determined experimentally. Experiments of this kind 
have been carried out in order to establish the rela- 
tion between the stiffness constants, c, and c,, on 
some bolted assemblies.1® 34. 35, 36 


Determination of Safety Factors: Determining 
safety factor of the bolt involves the following 
stresses : 


Nominal normal stress in the critical bolt 
cross-section due to the steady components of 
the load, pounds. 

= Nominal normal] stress due to the alternate 
component of the load, pounds. 
Nominal shearing stress due to the steady 
twisting moment, pounds. 


om 


If the nominal normal stress in Uhe cross-section 
under consideration changes from gig, tO omas, the 
steady stress component, Fig. 4, is equal to 


Smaz + Omin 


2 


om, — 
and the alternate stress component is equal to 


(24) 


If shaft diameter is equal to thread diameter, the 
critical cross-section is located where the threaded 
part of the bolt enters the nut. This is confirmed by 
experiments and observation of the failure of bolts 
in bolted assemblies working under repeated loading. 
However, if the bolt shank diameter is smaller than 
the minor thread diameter, the shank diameter must 
also be calculated at the place where the greatest 
stress concentration factor is to be expected, Fig. 8. 

Bolts are not always loaded with the torsional 
moment. In particular cases where the bolts are 
highly stressed (bolts in connecting rods of internal 
combustion engines), it is desirable to turn the nut 
back a small angle after it has been tightened. This 
must be done in such a way that the bolt will be re- 
lieved of the torque without changing the magnitude 
of the initial tension force along the axis. Best 
results can be obtained when the torque is released 
with the nut already locked on the bolt. 

In this case, when only the tension forces act 
on the bolt, the following expression may be used 
for the determination of the factor of safety: 


i. (25) 
Omax 
This is the ratio of the nominal stress limit (endur- 
ance limit for the given stress range ratio) to the 
maximum nominal stress at the cross-section under 
consideration, in which gp is obtained from Equation 
15 and, from Fig. 4, 


ner = Cm + ov : (26) 


By substituting Equations 15 and 26 in Equation 25, 
‘Ne safety factor is 


Kr 
? 
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Li | 
Om + 


o K. 
N, = : = : (27) 


Omaz Cum + Cy 





It must be mentioned that Dquations 15 and 27 
are only true when 


Omar = Om + Oe < 4% 


o-1 
om + Kx < % 
which must be the case for bolted assemblies. 
Safety factor of bolts loaded with both tensile 
forces and torsional moments may be calculated from 


"ah eg ee ong | 
‘(a ae 


-1 


where +r = the nominal shearing stress in the given 
cross-section, psi; +r, = torsional shearing yield 
strength of the bolt material, psi. This expression 
is based on the elliptical form of the limiting curve 
for normal and tangential stresses acting simulta- 
neously. It seems that this form of limiting curve 
agree satisfactorily with the available experimental] 
data for ductile metals as used for bolts.®? 

Equations 27 and 28 for calculating the strength 
of bolted assemblies were suggested by the author 
in an article published in 1940.27 

Another method for calculating the strength of 
bolts suggested by Doughtie and Carter® was pub- 
lished in 1950.7. 4° These authors suggested a graph- 
ical method for determining the limiting nominal 
stress in bolts for different ranges of stress using 
a simplified steady stress-alternating stress diagram 
for steel. If this limiting nominal stress is expressed 
analytically, it takes the form 


0.1 om 
. K_, (3 0, ) 
This form has not been confirmed experimentally 
for bolts. Experiments!? show that the magnitude 
of the limiting alternate stress component does not 
depend upon the magnitude of the mean stress com- 
ponent o,,. Thus, it seems that Equations 15 and 27 
will give more reliable results. Doughtie and Carter 
also suggested using the stress concentration factor 


Table 1—Stress Concentration Factors for Alter- 
nately Loaded Bolts* 


Medium-carbon Heat-treated 
Steeis Alloy Steels 





Thread Form 





Whitworth thread and unified thread 

with rounded root 3.2-3. 5.4-6.0 
Metrical standard DIN and OST 4-5. 5.6-6.4 
Sellers (American National form with 

flat root) 6.4-7.2 





* Lower values for softer and more ductile materials. 





found by Moore and Henwood" as a means for de- 
termining the endurance limit for complete stress 
reversals. It may be noticed that these factors are 
found for the load on the specimens which varies from 
nearly zero to the maximum value. Therefore, use of 
these factors for determining the endurance limits 
for completely reversed loading cycle could cause 
considerable error in the results. 


Flange Joint Example: As a demonstration of the 
suggested method, determine the safety factor for the 
flange connection shown in Fig. 9. The joint is loaded 
with a steady load, W = 1200 pounds, and with an al- 
ternating load, @ = +7600 pounds. Number of bolts 
in the joint is four. Flange thickness is, h,; = h, = 
0.8-inch. The bolts have UNC threads. Basic major 
diameter D = 1 inch; minor diameter of the screw 
thread D, = 0.846-inch; root area of thread Ax = 
0.562-square inch; shank diameter D, = 0.8-inch: 
shank cross-section area, A, = 0.5027-square inch. 

Bolt stiffness constant is, from Equation 17, 


EB, A, (30 X 10%) (0.5027) 
aA=a= = 


Ly 1.6 
= 9.43 X 106 pounds per inch. 





Flange stiffness constant is determined from Equa- 
tions 18, 19 and 20. Outside diameter of the bearing 
surface of the nut, D,, is given as 1.5 inches. From 
Equation 20, therefore, d, is 2.3 inches and from 
Equation 19, A, becomes 3.29 square inches. By using 
a value of 30 x 10° for EZ, in Equation 18, the flange 
stiffness constant, c,, works out to 61.7 x 10® psi. 

Since F = (Q + W)/4, critical tightening force can 
be determined from Equation 9 to be 1910 pounds. By 
taking the magnitude of the factor k equal to 1.3, 
from Equation 10 the magnitude of the initial tight- 
ening force, P, is approximately 2480 pounds. 

The additional alternate force, F,,, imposed by the 
alternating load can be found from Equation 7, in 
which F is considered equal to Q/4. The force F, 
thus is 252 pounds. 

Similarly, the additional steady force is 


Ww Cy 
r= — (>) = 39.75 ~ 40 pounds. 


4 Ch + C, 


TORSIONAL MOMENT: If the coefficient 6 = 0.1) 


_ is used, Equation 14 gives moment, M = 372 lb-in, 


Smallest nominal stress due to the tension in the bolt 
cross-section with the diameter D, is 
P+F'-—F, 


= ———————- = 4035 psi. 
Ax ° 


Fmin 


Greatest nominal stress in the same cross-section is 


P+F'+F, 
= —____"* = 4932 psi. 
Ax 


Tmax 


Nominal steady stress component g,, from Equation 
23 is, therefore, 4484 psi, and nominal alternating 
stress component, o,, from Equation 24 is 448.5 psi, 
Nominal shearing stress in this cross-section due to 
the torsional moment is: 


where Z, = polar section modulus, inches*. 

Material of the bolts is a carbon steel having the 
properties: o, = 78,500 psi; «, = 44,000 psi; ;, = 
27,000 psi; o_, = 26,000 psi. According to Equation 
15, the fatigue strength with the given range ratio is 


Oo, 26,000 


= 4484 + = 11,915 pounds 


oR = om + 
-1 
where K_, = 3.5 (TABLE 1) is the mean value for the 
actual stress-concentration factor for this form of 
threads on a carbon-steel bolt. By substituting these 
values in Equation 28, 1/N.? = 0.184, from which the 
safety factor N. = 2.33. 

By neglecting the shearing stress due to the tor- 
sional moment, Equation 27 could be used for deter- 
mining the safety factor. In this case N, = 2.42. The 
results show that the torsional moment has little in- 
fluence on the strength of these bolts. 


Connecting Rod Example: Check the fatigue 
strength for the bolted assembly of a connecting rod 
of a two-cycle Diesel engine. Number of bolts in the 
assembly is four. UNF threads are used, with 4 
major diameter, D = 1.0 inch and the minor diameter 
of the screw thread D, = 0.8978-inch. Root area A, 
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= 0.633-square inches; the fillets of the shank have 
aradius r = 0.08-inch. Other dimensions are shown 
in Fig. 10. The bolted assembly is loaded with an 
inertia force F,, = 32,300 pounds, which changes 
from zero to its maximum value during each revolu- 
tion of the engine. The bolts in assembly are un- 
loaded from the torsional moment. 

External load which comes on a single bolt is 


32,300 


Based on published experimental data,!® we may con- 
sider the ratio between the bolt stiffness and the stiff- 
ness of the corresponding parts of the connecting rod 
as 1:1.5, that c, = 1.5.c,. Thus, the value of the crit- 
ical tightening force is 


Ce 
Cy + Cc. 


tk = 1.4, then P = 1.4 P, = 6780 pounds. The vari- 
able tension force due to the external load is 


1.5 
= 8075 —_—_—__ = 4845 pounds. 


P 
1.0 + 1.5 


HT} 


Cy 
F, = F ———— = 8075 


= 3230 pounds. 


1.0 + 1.5 


Nominal stresses at the critical cross-section at the 
thread are 





P 6780 
onin = —— = ——— = 10,700 psi; 
Ax 0.633 
P+ F, 6780 + 3230 15.800 pal 
omaz = = = 15, si; 
oF Ax 0.633 . 
a + Omi 
om = maz . Omin = 13,250 psi: 
= ee Sata = 2550 psi. 


2 
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The bolts are machined from chrome-nickel heat- 
treated steel with the properties: o, = 140,000 psi; 
o, = 114,000 psi; o_, = 47,000 psi. Mean value of 
the actual stress concentration factor according to 
TABLE 1 is K_, = 5.7. 

Thus, the fatigue strength for the given range ratio, 
or, from Equation 15 is 21,500 psi and the safety fac- 
tor, N,, approximately equals 1.36. The effect of bend- 
ing stresses is not considered in this analysis. This 
effect may be rather significant for bolts in a connect- 
ing rod which has relatively flexible bolted members. 
Therefore, the safety factor 1.36 is probably too small 
for this kind of bolted assembly. 

SAFETY FACTOR AT SHANK CROSS-SECTION: The crit- 
ical shank cross-section is located at the fillet between 
the shank and the head. The fillet radius is equal to 
0.08-inch. The shank diameter is D, = 0.75-inch. Cross- 
section area is A, = 0.4418-square inches. Then opin 
= 15,350 psi; omer = 22,670 psi; o, = 19,010 psi; 
and o, = 3660 psi. According to Fig. 6, the actual 
stress concentration factor for the steel used is equal 
to K_, = 1.9to2.0. We take K_, = 2.0. The fatigue 
strength of the shank for the given stress range ratio 
is og = 42,510 psi, and the safety factor is N, = 1.87. 
This shows that the critical section is at the threaded 
portion of the bolt. 


Improving Bolt Performance: Reliability of a bolt- 
ed assembly can be increased considerably without 
changing the basic diameter of the bolt. This could 
be accomplished by decreasing four factors: (a) ef- 
fective stress-concentration factor in the threads; (b) 
longitudinal stiffness of the bolt; (c) magnitude of 
K_., in the critical shank cross-section and; (d) bend- 
ing stresses in the bolt. ” : 

At the threads K_, can be decreased by rolling the 
threads, or by using a rolling process after cutting. 
Another method is to use a special nut shape which 
results in a more uniform load distribution among the 
individual threads than in an ordinary nut. 

Longitudinal bolt stiffness could be decreased by 
decreasing the shank cross-sectional area. However, 
this method is limited because of the simultaneous in- 
crease of stress in the shank. 

The magnitude of K_, at the critical shank cross- 
section could be decreased in some cases by increas- 
ing the fillet radii at the junction between the shank 
and head and at other places where the diameters 
change. 

BENDING STRESSES: Repeated bending stresses oc- 
cur in the bolts due~to deformation of the bolted 
members under external load. Usually the bending 
stiffness of the bolted members is much higher than 
the bending stiffness of the bolts. Therefore, the 
magnitude of the bending deformation of the bolts 
depends primarily upon the stiffness of the bolted 
members. It is desirable to reduce the bending mo- 
ment that acts on the critical bolt cross-section as 
much as possible. Generally, this critical section is 
located at the threaded portion of the bolt. The bend- 
ing moment acting on the shank depends upon the 
flexibility of the shank. If the radius of curvature, p, 
which depends mostly upon the flexibility of bolted 
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members, is given, this bending moment is equal to 


E,I Ey 7 
M, = = BS .. Peas (29) 
p 64 p 





where EZ, = modulus of elasticity of the bolt material, 
psi; J = moment of inertia of the shank cross-section, 
inches*; » = radius of curvature of the bolt axis, 
inches; D, = shank diameter, inches (see Fig. 11). 

The same moment, M,, acts on the critical cross- 
section of the threaded portion of the bolt. There- 
fore, the nominal bending stress at the threaded por- 
tion of the bolt is equal to 


a Ey D,* 
64p _ &D,* 


=. c4 D,4 ; ... (30) 





7 Dx 
32 


2p Dx3 


where D, = minor diameter of the screw thread, 
inches; Z, = section modulus of the threaded portion 
of the bolt, inches*. Thus, by decreasing the shank 
diameter, the magnitude of the bending stress at the 
critical bolt cross-section decreases very rapidly. Since 
the bending moment and, consequently, the stress in 
the critical cross-section depends upon the moment of 
inertia of the shank cross-section, it is highly desir- 
able to decrease, as far as possible, the moment of 
inertia of the shank. The actual radius of curvature, 
p, hardly can be calculated in most cases. Therefore, 
nominal bending stresses cannot be taken into con- 
sideration when determining the safety factor, al- 
though they influence rather significantly the strength 
of some bolted assemblies.’ 96.87 However, these 
bending stresses must be kept in mind in design. 
From this standpoint, the design shown in Fig. 12a 
is very unsatisfactory. In this rather widely used de- 
sign, the cross-sectional area is decreased by drilling 
a hole in the shank along its axis. By this means 
only the longitudinal stiffness can be decreased. Bend- 
ing stresses in the shank remain the same as those in 
the solid shank having the same outside diameter. 
Bending moment and bending stresses at the critical 
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cross-section (in threaded bolt portion) are only in- 
significantly smaller, since the moment of inertia of 
the ring at the shank cross-section differs very little 
from the moment of inertia of the whole cross-section 
with the same diameter. 

Three different cross-sections with the same area 
are represented in Fig. 13. The cross-section at the 
right, seemingly, solves the problem of decreasing the 
bending stresses in the best manner, while the left 
cross-section doés it in the poorest manner. The bolt 
with the shank cross-section represented at the right 
could be used with success if the repeated bending 
moment acts in one definite plane relative to the bolt, 
which is usually the case in machine parts. The pre- 
supposition is that the bolt bends in the plane X—X’. 
In the case of a circular flange joint the axes X—X’ 
must coincide with the radii of the flange. 


Improved Connecting Rod Design: By applying 
the above-mentioned measures to the bolts of the pre- 
vious connecting rod example, the safety factor could 
be increased without changing the basic diameter of 
the thread. The following steps are taken: (a) the 
thread is finished by rolling after cutting; (b) the nut 
is undercut in order to have more uniform load dis- 
tribution among the threads; (c) a form is given to 
the shank, corresponding to Fig. 12b, by which the 
smallest bending stresses can be obtained; (d) the 
radii of all fillets are made equal to %-inch. 

The actual stress concentration factor, K_,, in the 
thread which was previously equal to 5.7, decreases 
by an amount of 30 to 40 per cent due to the rolling 
effect and by an amount of 25 to 30 per cent due t0 
the nut undercutting (References 2, 19, 21, 26, 35, 38 
39, 41, 42). Therefore, from the lower value of these 
figures, K_, =~ 3.0. The nominal stresses remain uD 
changed because the loads and the cross-section areas 
remain the same as previously calculated. Therefore, 
op, reduces to 28,900 psi and the safety factor, N,, be 
comes 1.83. This safety factor of 1.83 can be consid: 
ered as satisfactory for this kind of assembly. Th 
magnitude of the safety factor increases from 1.36 t 
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183, which is a considerable increase in reliabiilty of 
the design. Actually, the increase in reliability of 
the assembly is still higher than indicated because of 
the decrease of stresses due to repeated bending. 

Safety Factor at Shank Cross-Section: The actual 
stress concentration factor with R = ¥%, according 
to Fig. 6, is K_, = 1.7. The fatigue strength, cop, is 
6,660 psi and N, = 2.03. Thus, the critical section 
of the bolt is at the threaded portion as before. 


Determining Optimum Shank Diameter: It was 
shown previously that the shank stiffness has consid- 
erable influence upon stresses at the threaded portion 
of the bolt where the critical cross-section is located. 
The favorable influence on the strength of assemblies 
under repeated loading obtained by increasing the 
bolt elasticity has been known for many years, and 
bolts with reduced stiffness have received general 
acknowledgment. The suggested method permits one 
to find the best relationship between the size of the 
threaded portion of the bolt and its shank diameter. 

Usually there are two critical cross-sections where 
the safety factor of the bolt must be checked. These 
are section I—I at the thread and section II—II at 
the junction between the shank and head, Fig. 8. 
Sometimes the critical section II—II can be located at 
tther points of the shank. We have already found 
that safety factor in the threads increases with a de- 
ttease of the shank stiffness. But, at the same time, 
When the shank cross-section decreases, stresses in 
the cross-section II—II increase, and the safety fac- 
lor, NV”, in this section decreases. Theoretically, high- 
‘st reliability of the bolt will be reached when the 
safety factor at both critical section I—I and II—II 
are equal. An investigation can be conducted of the 
‘ase which happens often in machine design—the ex- 
femal load acting on the bolted assembly changes 
from zero to maximum. Also assume that the bolt is 
unloaded from the torsional moment. At the cross- 
section I—I, Fig. 8, 


ena’ = & (—=-)(—*_) 


MACHINE DESIGN—November 1952 


O 








A’ Cy + Cy 

F Ce Cp 
max = Omin' + oy’ = (% + 
_ _ . A’ Cy + Cy Cy + Cy 


= —-| k + 
A’ Cy + C, 2(Cy + Ce) 











F [ Ce Cy ] o-1 
=—|k + 
A’ Cy + Cy 2(cy + C.) K.,;’' 


and the safety factor in cross-section I—I is 





Ce ~ Cp ~ A’ ( o.4 ) 
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Similarly the safety factor in cross-section II—II of 
the shank is: 














Ce Cy A’ o.1 
k +> + — | — 
we = oR” a Cy + Cy 2(Cy + C.) F K_,” 
max” Ce Cy 
Cy + Ce Cy + Ce 


In the previous equations A’ and A” are the cross- 

sectional areas in the section I—I and II—II, respec- 

tively, and K_,’ and K_,” are the actual stress con- 

centration factors at the same sections. With N’ = 

N”, after simplifying, 
A* A’ 


= or A” = A’ 
K_,” K_;' 


ma 
K_,' 


(31) 








For a cylindrical form of shank,’ diameter of the 
shank is 


K.3".. 
D, = Dr K.,’ 


(32) 





where D, is the minor diameter of the screw thread. 
Equations 31 and 32 are based upon the assumption 
that the line of the limiting nominal stresses in the 
Goodman diagram, Fig. 5, for the cross-section I—I, 
as well as the same line for the cross-section I—I 
are parallel to the line zero to o,. This is true for 
cross-section I—I, but may be an approximation for 
cross-section II—II. The values A” and D, from 
Equations 31 and 32 must be considered as the theo- 
retical minimum shank cross-section area and diam- 
eter, respectively. For practical purposes the shank 
diameter should be somewhat greater than this mini- 
mum value to assure that the shank will not become 
weaker than the threaded portion of the bolt. The 
extent to which the shank cross-sectional area can be 
decreased is also limited because the magnitude of 
om’ + (o-;/K_,”) must not exceed the magnitude 
of g, for the bolt material. Furthermore, shearing 
stresses in the shank due to torsional moment in- 
crease rapidly as the shank diameter decreases, There- 
fore, if the diameter of the shank is much smaller 
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than the thread diameter, normal and shearing stress- 
es arising in the shank when the nut is tightened 
must be checked. For bolts which are not relieved 
from the torque, the safety factor N” must be deter- 
mined using Equation 28. This factor must be some- 
what greater than the factor N’ determined using the 
same formula. 


Summary: The new calculation method suggested 
for bolted assemblies subjected to repeated loading 
considers actual forces acting on the bolts, their 
range ratio, and the influence of stress concentration 
and local stresses on the strength of the bolt. It is 
the author’s opinion that use of this method can in- 
crease the accuracy and reliability for determining 
the strength of bolts. A number of cases taken from 
practical experience bear out this opinion. 

Data available in literature concerning the influence 
of stress concentration and local stresses on the 
strength of the bolts make it possible to apply the 
method suggested. However, values of stress concen- 
tration factors given in TABLE 1 must be considered 
as preliminary. In order to improve and to extend 
knowledge in this field, further experiments must be 
conducted. The influence of such factors as the kind 
of thread, form of nut, material, production method, 
and size of bolts has to be investigated. Stiffness of 
connected parts in bolted assemblies also has not been 
sufficiently investigated, and must be studied both 
experimentally and theoretically. 

The suggested method gives the basis for selecting 
the best relationship between thread diameter and 
shank diameter that will give the optimum design 
strength for a given basic size and weight of bolts 
and connected parts. 

Influence of bending stresses on the fatigue strength 
of bolts, which hardly can be considered numerically 
in strength calculations, apparently affects strength 
of some bolted assemblies significantly. Dependence 
of bending stresses at the threaded bolt portion upon 
shank bending stiffness is shown, and the best cross- 
sectional form for the shank from the viewpoint of 
bending stress is also discussed. 
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Beta Gage Speeds Inspection 


S A CONTINUOUS sheet of rubberized tire fabric 
leaves the calender rolls at the Armstrong Rub 
ber Mfg. Co., it is automatically monitored for weight 
and thickness by a beta-ray gage. The sensitive de 
vice scans the strip of rubberized cord with beta rays 
emitted from a tiny source of strontium-90, a by: 
product of atomic reactors at Oak Ridge, Ten. 
Former procedure was to cut small square sample 
from the material as it emerged from the rolls. BY 
the time these had been checked for weight and thick- 
ness, a large quantity of off-tolerance material had 
often been processed. The present procedure uses the 
amount of rays absorbed by the fabric as an indice 
tion of the material’s weight per unit area. A devit 
tion indicator on the General Electric instrument 4! 
lows the calender operator to maintain the proper m* 
terial gage. 


MACHINE DESIGN—November 195? 














on und 
nstadt 


chray. 


chrav. 
Verlag 


it vor 


rauber 
t and 


enver- 
D. I. 


altver. 
tigkeit 
T Zug. 


winder 
stituts 


ranber 
Braun 


chung 
rkeit,’ 


al Bn 


’ Vest 
No. 3 


Mit- 
uben,’ 


L, 1948 


| ashin- 
oskow 


auben- 


nd Ec 
Dxperi- 
1956. 


sign,” 
ringer- 
} Band 


Thiré 


zigkelt 
No. 2 


to De- 


sl Bn 


ubric 
Rub- 
ight 
» de- 
rays 
by: 
‘enn. 
ples 
By 
ick: 
had 
. the 
jica- 
via: 











. 1—Typical hydropneumatic accumulators. Bladder-type, 
t, made by Greer Hydraulics Inc. and diaphragm-type, below, 
made by Vickers Inc.:may be precharged with either air or gas 
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Utilizing | Accumulators in 








Hydraulic} Systems 








By Harold K. Palmer 


Consulting Engineer 
Los Angeles, Calif. 


AXIMUM efficiency is achieved in many hy- 
draulically operated machines through the 
application of accumulators at strategic loca- 
tions in their hydraulic systems. Perhaps the most 
well-known accumulator function is that of storing 
hydraulic fluid under pressure to alleviate intermit- 
vent peak-demand pump requirements. Often, too, 
they are employed in a precharged state for emerg- 
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. - » how to determine accumulator 
capacity for optimum performance 


ency or standby service to insure safe operations in 
the event of partial circuit failure or- pump disable- 
ment. Shock absorption, pulsation damping, static 
pressure-volume compensation, and pressure. transfer 
between unlike fluids also are important functions 
of many hydraulic accumulators. bie 

The original method of “accumulating” hydraulic 
power was to pump oil into a large cylinder contain- 
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ing a piston weighted with cast iron or concrete. This, 
of course, was a bulky and cumbersome arrangement, 
frequently subject to erratic sticking and leakage. 
However, the pressure potential of a “deadweight” 
accumulator is constant, making the analysis of its 
effect very simple. The potential energy of a charged 
deadweight accumulator is 


d2lp 
15.3 


(1) 


where W = potential energy, lb ft; d = piston diam- 
eter, inches; 1 = length of piston stroke, inches; and 
p = pressure of stored fluid, psi. 

In modern accumulators, compressed air or gas 
is employed to pressurize the fluid vessel, the com- 
pressibility of the air or gas providing space for the 
fluid charge. Since air in contact with oil at a high 
temperature causes oxidation of the oil, air-to-fluid 
contact is avoided by separating the two with a 
piston, bladder or pliable diaphragm, Fig. 1. Where 
construction of the accumulator permits, nitrogen 
often is used instead of air. Pistons generally are 
used in the largest accumulators and pliable dia- 
phragms or bladders serve as barriers in the smaller 
sizes. Piston-type accumulators usually suffer a loss 
of efficiency of about 15 per cent because of friction. 
A much smaller loss exists in diaphragm and bladder 
types, but their efficiency, nevertheless, js somewhat 
less than 100 per cent. 


Operating Characteristics: Although power usually 
is stored in an accumulator by pumping fluid into it 
under pressure, it actually is the potential energy 
of the gas volume that fulfills the ultimate power 
demand. Therefore, the behavior of the accumulator 
must be studied from the standpoint of gas compres- 
sion. If gas decompression is required during only a 
fraction of the cycle, the pump capacity insofar as 
recharging the accumulator is concerned need be 
only a corresponding percentage of the motor de- 
mand. However, the pump must exceed normal fluid 
motor operating pressure to store the maximum 
amount of oil required in the accumulator. 


Table 1—Heat Effect in Accumulators 





——— Compression ——_ 
Adiabatic 


Conditions 
(100 cu in. accumulator) 





—_ 


Initial pressure (psi) 500 
Initial fluid volume (cu in.)...........+e00. 18 
Final fluid volume (cu in.) ........0sees-+0- 20 
Final pressure (psi) 660 
Pressure increase (per cent) 32 
Average power input increase (per cent) .... 16 





In the pressurized bladder or diaphragm accumula- 
tor, Fig. 1, a check valve is provided in the oil pas. 
sage to prevent the bladder or diaphragm from being 
forced out into the pipe when the oil volume is ex- 
hausted or drained out. A service valve on the gas 
side for precharging permits adding gas to supple 
ment the initial charge, or to make up for leakage. 
The operating or discharge pressure of such an ac- 
cumulator is 


V-q@ 


Pa = Di v-«¢ 
where ps = discharge pressure, psi; p, = _ initial 
pressure charge, psi; V = total accumulator volume, 
cu in.; q, = initial oil charge volume, cu in.; and 
q- = reserve oil volume, cu in. 

This formula assumes isothermal compression of 
the gas—a justified assumption because of the un- 
certainty of heat transfer and leakage losses in oper- 
ation of hydraulic systems. 

If adiabatic compression is assumed, the preceding 
formula becomes: 


3 ( V-qd )~ 
Pa = Pi V—@, 


The exponent 1.4 is a mean constant for adiabatic 
compression of nitrogen and air alike. Obviously, if 
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Table 2—Cycle Phase Oil Demand* 





Table 3—Cycle Pressure Fluctuations* 











Phase Working Piston Phase Hydraulic oil Point oil Available R 
equired Excess 

of Lead Diam Stroke Length of Demand Pressure Pressure Pressure 
Oycle (Ib) (in. ) (in. ) (sec) (psi) (cu in.) Cycle (cu in.) (psi) (psi) (psi) 
A-B 5000 3 20 16 714 140 A 90 875 714 161 
BC 0 ‘ ow * ane 0 B 5 714 714 0 
c-D 2000 2 5 2 637 15 Cc 25 738 637 10) 
D-E 0 ; as 3 re 0 D 20 730 637 93 
e-F 1500 3 20 3 650 46 E 32 750 650 100 

500 2 5 3 650 4 F 5 714 650 64 
F-G 0 15 0 





*From Example 1, using a 1.52 gpm pump. 


adiabatic compression is assumed, a greater accumu- 
lator pressure variation exists as compared with iso- 
thermal conditions. Typical difference in charged ac- 
cumulator pressures based on the two methods of 
computation are given in TABLE 1. These valves are 
for a 100-cu in. accumulator having an initial gas 
charge pressure of 500 psi. An initial oil volume of 
10 cu in. is assumed to have been increased hydraulic- 
ally to 20 cu in. 

It will be noted that the fluid pressure after the 
oil volume increase is 12 per cent more than origin- 
ally by the isothermal computation, and 32 per cent 


Fig. 3—-Mass curve representing accumulator operation 
of multiple-motor system through a complete cycle. 
Points B to GA and GA to B represent concluding and 
leading phases, respectively, of comsecutive cycles 
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* From Example 1, using a 1.52 gpm pump and a 2-gallon accumu- 
lator. Isothermal compression is assumed. 


more by the adiabatic. Since the pressure increase is 
gradual during the oil pumping, the average power 
requirement increase while pumping will be 6 per cent 
for isothermal and 16 per cent for adiabatic. 


Graphical Analysis: For a specific hydraulic sys- 
tem the required pump capacity as well as the ac- 
cumulator size may be determined simply by draw- 
ing the mass curve, as is done in water-storage prob- 
lems. The mass curves will represent the integrated 
in-flow and out-flow from the accumulator. The dif- 
ference between the two curves represents the amount 
of fluid in the accumulator. Gas content of the ac- 
cumulator, the active element which neither flows 
into or out of the accumulator, changes its volume 
and pressure as the amount of fluid varies. A simple 
curve, Fig. 2 represents a single pump in conjunc- 
tion with an accumulator serving a single motor. 

In Fig. 2 the motor demand is integrated through 
two cycles so two maxima, A and C will cover one 
cycle. Line ABC represents the motor demand during 
one cycle, AB being the interval of no demand and 
BC the motor demand of one operation of the motor. 
Line AC represents the pump supply, the rate of 
which amounts to C’C/AC. The amount of fluid 
in the accumulator at any instant is the difference in 
the ordinates of AC and ABC at that instant. The 
maximum fluid content amounts to BB’ at B when 
BB’ = (CC’) (AB/AC’). 

When more than a single motor is to be handled 
by one accumulator a mass curve should be drawn 
and will prove sufficiently accurate to furnish essen- 
tial data, considering the uncertainty in the pressure 
ratios. It also presents a clearer picture of the opera- 
tion than is possible by tabulation alone. 


EXAMPLE 1: Two double acting pistons are to oper- 
ate consecutively in a cycle. First to operate is a 3- 
inch piston under a 5000-lb load through a 20-inch 
stroke in 10 seconds. Three seconds after this, a sec- 
ond piston 2 inches in diameter and under a 2000-lb 
load operates through a@ 5-inch stroke in 2 seconds. 
Following a 3-second interval, both pistons are reset 
simultaneously in three seconds. Reset load on the 
3-inch piston is 1500 Ib; on the 2-inch piston, 500 Ib. 


Data for this hypothetical cycle are set-up in 
TABLE 2. Hydraulic volume transfer during one com- 
plete cycle may be readily visualized from the cor- 
responding mass curve, Fig. 3. . 

From TABLE 2, 205 cu in. of oil will be required 
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during the 36-second cycle. The average rate of de- 
mand, therefore, is 5.7 cu in. per second. Actually, 
the rate of oil delivery from the recharging pump 
should exceed the specific requirement to allow for 
leakage, etc. Assuming no fluid loss, in Example 1 
a 1.52-gpm pump, with bypass control, would pump 
for 34 seconds and then run idle for 2 seconds. 


Thermal Considerations: If the accumulator is 
called upon to supply power several times a minute, 
adiabatic expansion of the gas content probably 
should be taken into account; otherwise, isothermal 
conditions could be justifiably assumed. Furthermore, 
overall leakage from the system constitutes another 
uncertain factor to be considered. 

The aecumulator will be cold when first started 
after the machine has been shut down overnight 
and the first heat of compression will be dissipated 
rapidly through cold oil and the accumulator casing. 
Although a variation in pressure during warm-up 
periods is inevitable, excessive variation results in 
power waste and difficulty in controlling piston speed. 
At the same time, the minimum pressure should not 
fall below the minimum cycle requirement. Practical 
considerations, because of temperature fluctuations, 
make it advisable to limit the maximum oil content of 
an accumulator to about 125 to 150 per cent of the 
minimum, where little pressure variation can be 
tolerated. In this range the resulting adiabatic pres- 
sure would be 112 to 117 per cent of the isothermal 
pressure. 

The accumulator itself must be relatively large to 
limit the pressure range. When size, weight, and ef- 
ficiency are critical, it is advisable to design or select 
the accumulator with care; otherwise, if the total 
volume of the accumulator is about five times the 
maximum amount of oil to be stored, the size and 


Fig. 4—Shock-pressure curve developed from Example 2. 
Under conditions outlined, the curve indicates peak- 
pressure relationships with fluid deceleration time 
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efficiency will be suitable for average applications 
and a slight deviation from this size will make little 
difference in the final results. Some manufacturers 
recommend 6 to 11 times the volume of oil required 
as the nominal accumulator capacity. 

Applying to Example 1 the rule that the volume 
of the accumulator be 5 times the peak oil demand of 
90 cu in., from Fig. 3, the total volume amounts to 
450 cu in. A commercial 2-gallon or two 1-gallon 
units would provide 462 cu in. and the relationship 
between oil volume and pressure for this accumulator 
is as expressed by Equation 2. Fig. 2 and TABLE 2 
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show that at point B the pressure should not fall elo 
below 714 psi and the reserve oil volume, q,, should = 
not be less than 5 cu in. to allow for leakage. 
The pressures at various points of the cycle as de- f 
termined through Equation 2 are shown in TABLE 3. 
The last column headed “excess pressure’”’ shows the 
difference between accumulator and required pressure. 
: , - : wh 
This denotes power inefficiency resulting from use 
, ‘ ont 
of an accumulator for several functions at different f 
pressure levels. Only in cases where the accumulator Eq 
leads to added convenience or a saving in weight or 
space can its use be justifie1 for such installations. 
L 
Power Consideration: In planning hydraulic sys- 
tems, designers should consider the effect of accumu- 
lators on the power input requirement. A convenient y 
expression of power input is: is 
P; = = Se Re ee ee eT ee eee (4) i 
1714.4 # 
where P = pump power input, horsepower; Q = § fro 
oump discharge, gpm; p = discharge pressure psi: I 
and FE = pump efficiency, per cent. sec 
In the previously discussed accumulator circuit § acc 
the pump capacity established was 6 cu in. per second. ff q - 
or 1.52 gpm. Maximum pressure against which the § tior 
pump operated in charging the accumulator was 875 
psi. Assuming isothermal gas compression in the 
- p 
accumulator and a pump efficiency of 90 per cent. 
the maximum power input is 0.88-hp. In contrast 
operation of the same system without the aid of an 1 
accumulator would require a minimum 3.64-gpm pump . 
with a continuous power requirement of 1.68 hp 
Shock Absorption: An accumulator is a convenient § 
accessory as a shock absorber. Water-hammer shock D 
is very much relieved if the deceleration time of the J 4, 
moving fluid column can be lengthened by only 
few milliseconds. For this purpose the accumulator 
is highly beneficial for it absorbs the flow with # q 
gradually increasing pressure and avoids a sudden 
rise. The single shock-wave cycle being very short. § The 
a matter of a few milliseconds only, the volume of § is | 
fluid to be injected into the accumulator is slight — me: 
which calls for only a small accumulator. The effect 
of an accumulator in reducing shock pressure is best v 
shown by the following: 1 
EXAMPLE 2: A circuit under 1000 psi pressure con- to | 
tains 10 feet of pipe, 0.312-inch inside diameter, car- cub 
rying 20 cu in. per second or 0.02 cu in. per milli- — 
second at a velocity of 21.6 feet per second. With no Mac 
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accumulator the shock pressure due to sudden stop- 
page is 53v = 1150 psi, in addition to the normal 
pressure of 1000 psi, or 2150 psi in all. Or, 


p = GB e + @ = BID ......... 2.2.2.2. 5 ee ee. (5) 








where p’ and p are peak pressure and normal pres- 
sure respectively, in psi; and v = oil velocity, feet 
per second. The factor 53 is a constant for oil with 
a specific gravity of 0.8 and a modulus of compress- 
ibility of 250,000. 







When a moving column of oil is stopped by the 
closure Of a valve downstream, the line-pressure 
surge* in psi is, empirically, 







49v 
p= Sik deena ie ; (6) 


T 
4500 ——- - 1 
L 













where J = valve-closing or oil-deceleration time, sec- 
ends; and L = length of oil column in feet. 

Applying the assumed circuit data of Example 2, 
Equation 6 becomes 








(49) (21.6) 
p= 7 . ee ee ‘ ar (7) 


= 
4500 ——--— 1 
10 













Total pressure, p,:, within the line, of course, then 
is 






1058 
Pp, = 1000 + ———_———_- error 
450T —1 






from which the pressure curve in Fig. 4 is plotted. 
If it is desired to limit the peak pressure in 0.0125 
second stopping time to 1225 psi by means of an 
accumulator. Then, assuming the initial oil volume 
q = 0, total volume of the accumulator, from Equa- 

tion 3, is expressed in 

V 1.4 
) .. 
V-q 













p = 1225 = 1000 ( 





Then 





7~<¢ 


from which V = 7.25 q. 
Next, conditions during stoppage of the oil can 
be described by the equation 





20 — 0 ) 


W — Qi = Qe = 0.0125 ( = 0.125 (10) 


That is, the volume of oil entering the accumulator 
‘8 simply the product of the time period and the 
mean velocity effective during that period. Or, 


V = 7.25 q2 = (7.25) (0.125) = 0.91 (11) 








Therefore, to reduce the shock pressure from 2150 
to 1225 psi requires an accumulator capacity of 0.91 
cubic inches. 








a 
Water Hammer in Hydraulie Systems’’—Harold K. Palmer. 
MACHINE DgsIGN, September, 1952, page 175. 
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Engine Preheater 






NGINE preheating equipment, which makes start- 
ing of diesel or gasoline engines possible under 
severe arctic conditions in what is claimed to be the 
shortest time yet attained, is now in production at 
Stewart-Warner Corp. Design of such heaters, re- 
quiring quick engine starting at —65 F, has three 


basic objectives: (1) Resistance to cranking power 
required must be minimized to permit the engine 
starter to turn the engine fast enough for reliable 
starting in minimum time; (2) some method must be 
provided to augment the normal engine ignition sys- 
tem during starting periods, since engine fuels are 
difficult to ignite at —65 F; (3) lubricating oil must 
be heated sufficiently to promote the circulation and 
to provide normal lubrication when the engine is 
started. 

The interior of the engine is heated, and congealed 
oil on the friction parts of the engine is warmed, by 
circulation of clean air heated to approximately 400 F 
through the engine. Tests on systems of this type 
have resulted in reduction of resistance to cranking 
power sufficient to enable easy cranking in from 10 
to 20 minutes’ heating time. 

Lubricating oil may be heated by means of a heat 
exchanger built into or around the oil sump. A suc- 
cessful method used in tests involves finned tubing 
routed through the oil sump, with 400-degree air. 

Using a standard vehicle heater with a normal de- 
livery of 20,000 Btu per hour, a General Motors 6- 
cylinder, 2-cycle diesel engine weighing over 3000 lb 
has been started with less than one minute’s crank- 
ing at 60 to 90 rpm at temperatures from —25 to 
—65F, using SAE 10-W oil. This engine was pre- 
heated from 25 to 75 minutes. Cranking power in- 
puts ranged from 6000 to 10,000 watts. 
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DESIGNING 
WITH PLUG WELDS 


Fig. 1 — Drillpress table designed for 
plug welding reduced weight 8 pounds 
and cost 25 per cent over previous design 


XCELLENT design results can often be obtained 
with “plug” welds, an area of welding often 
overlooked. Such welds are made by filling holes 

in one part with metal welded-in. With proper fore- 
thought in design, most of these welds can be hidden 
so that the grinding of welds for external appearance 
can be eliminated to distinct cost advantage. 

An excellent example of such design is the Snow 
Mfg. Co. drill table, Fig. 1, and the vertical way sup- 
ports for both the table and drillhead. The pan or 
base portion of the table is drawn from ,',-inch 
plate. Two %-inch steel plates, spaced %-inch apart, 
form the work surface of the table. Each plate is 
supported and stiffened with, by 1% by 4-inch 
channel which is plug welded both to the work plate 


PRODUCTION 


AND 


DESIGN 


By Omer Blodgett 
Design Engineer 
Lincoln Electric Co. 
Cleveland, Ohio 


and to the pan, Fig. 2. The slot created by this as 
sembly accommodates T-bolts and no machining is 
necessary owing to absence of fillet welds along the 
corner joints. 

The dovetail plate, Fig. 2, is not made from a single 
piece but is built-up from a bevel-edge bar and a bal 
of square section, both plug welded to the back plate. 
These components are easily and quickly finished to 
requirements by grinding all critical fit surfaces after 
welding. 

Slideway pieces for the table and drillhead are fas 
tened to the front of the formed steel column by the 
same method. Plug welds are made in holes pre 
drilled in the column face, Fig. 3. Cold-rolled strips 
of ¥% by 1%-inch section are clamped over the rows 
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Fig. 2—Cross section of table 
showing plug welds em- 
ployed for assembling parts 








Fig. 3 — Sectional view 
through column of ma- 
chine showing  attach- 
ment of slideway pieces 
with plug welds 
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of holes and the latter are filled with weld metal ap- 

plied easily from the back. These welds fasten the tions for both plug and slot welds for correct appli- 

strips securely and do not show on the exposed sur- cation are available* in the literature. 

faces, which are ground all over after welding. 
The invisibility, low cost and ease of production af- 

forded by plug welds should be seriously considered 








wherever strength requirements permit. Specifica- 












*1. Production Processes—Their Influence on Design, Volume Two, 
R. W. Bolz, Penton Publishing Co., Cleveland, 1951. 


2. Welding Handbook, American Welding Society, New York, 1951. 
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HEN springs are used simply as energy re- 

servoirs, as they are in an infinite number 

of machine applications, adequate design 
rules are readily available. But when they are used 
in applications demanding extremely precise and con- 
stant linear relationship of rate to load, Fig. 1, prin- 
ciples usually employed must be supplemented by 
other considerations. Factors requiring attention in 
the design of precision springs include temperature, 
deviation from Hooke’s law, permanent set, hysteresis, 
and creep. How these factors affect spring perform- 
ance and how they may be controlled within accept- 
able limits for precision applications will be discussed 
in this article. 

The common helical extension spring will serve 
as the basis for much of the following discussion. 
However, principles presented are generally applic- 
able to all types of springs — helical compression. 
spiral, leaf, etc. Fig. 2, for example, shows a com- 
pression spring application. 


Temperature Compensation: Springs of special 
alloys that inherently maintain essentially constant 
stiffness throughout a temperature variation range 
are known as temperature-compensated springs. Steel 
springs vary in stiffness when subjected to changes 
in temperature; they become weaker with increasing 








Mgr., Spring Div. 
John Chatillon & Sons 
New York . 


temperature, stiffer with decreasing temperature. 
This phenomenon can be serious, as illustrated clearly 
in the computing scale industry. If food-weighing 
scales used steel springs, a true pound would appear 
to weigh less in a cold atmosphere and conversely 
would seem to weigh more at high temperature. Since 
these scales are subject to approval of the Bureau 
of Weights and Measures, costly thermostatic devices 
had to be used in the past to correct this condition. 
[In recent years temperature-compensated alloys, es 
sentially of the Elinvar type, have been developed to 
eliminate the thermostat type compensators, and 
other improved characteristics have simultaneously 
been gained. Two materials of this type are Ise 
Elastic and Ni-Span-C, TABLE 1. 

Springs remain uniform in stiffness with variation 
in temperature primarily because the modulus of 
elasticity of the material remains constant. This 
property is the terperature coefficient of the modulus 
of elasticity. For the Iso-Elastic alloy, for example, 
the coefficient varies from —20 x 10-® per deg f 
to + 15 x 10-® per deg F. Spring steel, on the 
other hand, has a temperature coefficient of — 190 * 


Fig. 1—Top—aAcceleration of an aircraft along i 

vertical axis is indicated through the precision spring 

and pulley system of this Eclipse-Pioneer acceleromete!. 

Operation over a temperature range of —55 C to 70¢ 

and minimum hysteresis and creep are demanded o 
the spring material 


Fig. 2—Right—Magnesyn unit, shown exploded, traty 
mits aircraft oil or fuel pressure data electrically 
flight engineer’s station. Iso-Elastic compressi0 
spring shown is corrosion resistant and maintains loa¢ 

eflection ratio within 1 per cent from —67 F to 158 
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By M. Gerard Fangemann 
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PRECISION SPRINGS 
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What factors must be considered in their 


-* per deg F. The sign of the thermal coefficient 
indicates the direction of change in strength. A plus 
sign means that the spring rate increases with in- 
crease in temperature, and a minus sign indicates 
a weakening of the spring rate with temperature in- 
crease. Spring rate, of course, is simply the ratio of 
load to deflection; that is, a spring having a rate of 
10 pounds per inch will deflect 1 inch when a load 
of 10 pounds is applied. 

The recommended range of temperature for Iso- 
Elastic is from —50 F to +150 F. However, if drift 


;§and hysteresis tolerances are enlarged slightly, this 


range can be increased. The temperature coefficient 
of the modulus of elasticity will not change notice- 
ably until 300 F is exceeded. 

Typifying one type of temperature-compensated 
spring material, Iso-Elastic receives most of its spring 
properties from cold reduction in area; it cannot be 
tardened by heat treatment. Area reduction varies 
according to the finished size, but is usually between 
837 and 931%% per cent. After it is formed into springs, 
the material is given a special low-temperature stress 
relief (14 hour at 750 F). On the other hand, Ni-Span- 
Cis a hardenable type alloy which requires heat treat- 
ment varying in temperature (1100-1350 F) and time 
(2-8 hours) according to characteristics desired. An 
important difference between the two alloys concerns 
the production of springs having initial tension. Since 


— eee eee | 
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design and application? 


Ni-Span-C springs require hardening, most of the 
initial tension imparted during coiling will be lost. 
Iso-Elastic springs can be coiled with initial tension 
that is not sacrificed during stress relieving. 
Straight Line Error: According to Hooke’s law, 
the deformation of a material is proportional to the 
applied load when loads are fairly small, but the rate 
of deformation usually deviates with larger loads, 
Fig. 3. Therefore, for precision force-measuring de- 
vices, special means must be provided to assure 
straight-line relationships between load and deflection. 
Fig. 4 shows the load deflection relationship of a 
helical extension spring. The actual measured deflec- 
tion does not start at zero normally, since there is 
usually a preload or tare load, Pg, on the spring. The 
straight-line error for any given load, P, is the dis- 
crepancy MN between the actual deflection and the 
straight line. Metallurgical and mathematical analy- 
sis showed that the straight-line error of a helical 
spring could be improved considerably with the 
proper selection of the cross-section of the material 
in relation to other spring dimensions. In particular, 
it was found that a ratio of width to thickness of 3 
to 1, and a ratio of approximately 20 to 1 for the 
spring index (mean diameter to wire thickness) 
yielded a minimum straight-line error. 
and Permanent Set: Although a 


Plastic Flow 


i. 








spring may depart from Hooke’s law slightly, the 
spring material in itself may be perfectly elastic. 
That is, no perthanent distortion remains after com- 
plete removal of the load, providing the spring is not 
stressed beyond its safe limit. 

There is, however, an elastic limit beyond which the 
material begins to distort permanently, so that with 
subsequent removal of the load only partial recovery 
results. This partial recovery is due to plastic flow 
under high stress and is called permanent set. The 
material still springs back but fails to return to its 
initial position, Fig. 5. Deviations in straight-line 
performance can therefore exist normally within the 
elastic limit of the material, or they may stem from 
a condition of overstressing that will lead to per- 
manent set. 


Hysteresis: Mechanical hysteresis is well know 
in the scale industry as “back error.” This phe. 
nomenon occurs during the removal of a previously 
applied load and is the lag of the deformation of a 
elastic material. The magnitude of deformation de. 
pends upon the material. For high-grade spring al. 
loys, the hysteresis error ordinarily would be about 
0.02 per cent of the total deflection. For some spring 
materials, the back error is usually 0.1 to 0.2 per cent 
of the total deflection. Fig. 6 illustrates the hys 
teresis loop resulting with a complete loading and 
unloading cycle of a spring. The deflection differ. 
ence MN is the actual hysteresis error. 

Explanation of hysteresis requires examination of 
the stresses and strains within the metal, since there 
is a small permanent deformation of the individual 
crystal grains. The deformation is elastic up to the 
elastic limit, whereupon the material begins to flow 
plastically. The crystal springs back elastically upon 
load removal; however, if a plastic flow existed, a 
permanent deformation would remain after removal 
of the load. 

If a reverse load were applied to this deformed 
grain, the deformation would again be elastic but in 
the opposite direction to the initial deformation. h 
reality this would be a continuation of the elastic re- 
covery during unloading. Actually a material is 
composed of many grains, and the measurable de 
formation is the summation of the individual de. 
formations of each grain. Part of the grains would 
deform only elastically and would recover completely. 
However, other grains would be overstressed, flowing 
plastically, and would not recover. The variously 


stressed grains contribute in varying degrees to the 
observed deformation. 








Drift: An important property of precision-spring 
materials is drift or creep. This phenomenon occurs 
when a spring is loaded and reaches capacity instan- 
taneously. Although the spring appears to deflect 
instantaneously, actually a slight deflection occurs 
after load is applied. This minute deflection is only a 
small fraction of the total deflection of the spring 
and is dependent on the time the load remains con- 
stant. The rate of this elastic deformation is also de- 
pendent upon the fiber stress and work-hardening of 
the material that may take place. This deformation, 
termed drift, should not be confused with deforma- 
tion producing permanent set when the elastic limit is 
exceeded. This phenomenon is illustrated in Fig. 7. 
Most of the deformation takes place in a relatively 
short period of time. With some materials, such as 
the Iso-Elastic alloy, the deformation occurs usually 
within a few minutes; however, with other materials, 
the deformation may continue for hours or even days. 

When this phenomenon occurs at elevated tempera- 
tures, the deformation is more commonly termed 
creep. The greater the work stress and the higher 
the temperature, the more nearly viscous will be the 
character of the drift. When lower temperatures oc- 
tur with low stresses, most materials behave elas- 
tically. Fig. 8 illustrates the influences of stress and 
temperature on the magnitude of drift rate. 


Twin-Spring Systems: Another error occurs when- 
‘ver a spring is deflected. In an ordinary coiled ex- 
tension spring, the outside diameter of the spring nec- 
essarily decreases whenever extension occurs. Since 
the length of wire in the spring is fixed, there is 
necessarily a rotation of the end hooks during exten- 
tion. The smaller the deflection, or the greater the 
lumber of coils, the smaller the rotation. Although 
2 error so caused may be slight, it may be noticed 
in precision applications. At Chatillon, precision 
rings have been designed in two parts, one half 
‘oiled left hand and one half coiled right hand to 
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form equivalent springs, Figs. 9 and 10. In such a 
system the twisting actions are neutralized, and the 
end hooks remain in line throughout loading. This 
feature is an absolute requirement for any precision 
instrument in which spring deflection is magnified in 
the mechanism. 


Tare or Preload: The preload of a spring is always 
a point of argument among spring and scale engi- 


Table 1—Temperature-Compensated Spring Alloys 





Property Iso-Elastic Ni-Span-C 





36 Ni, 8 Cr, 0.5 Mo, 42 Ni, 5 Cr, 2.5 Ti, 
bal. Fe 0.06 C, bal. Fe 


170,000 90,000-200, 000 
26,000, 000 24,000, 000-27,500,000 
9,200,000 10,000, 000 


Composition (per cent). . 


Tensile Strength (psi)... 
Modulus of Elasticity (psi) 
Torsional Modulus (psi). 


Working Stress in Bend- 
GR CREE) cccccccs . 

Working Stress in Tor- 
GERD GHEE) cccccccs 

Thermal Coefficient of the 
Elastic Modulus (psi 
per deg F) 

Hysteresis Error — 
cent of deflection). 

Creep Error (per cent of 
deflection in 5 minutes) 

Coefficient of Tinear Ex- 
pansion (in. per in, per 


90, 000-100, 000 15,000-110,000 


40,000-60,000 


— 0.00002 to + 0.000015 - 0.00001 to + 0.00001 


0.05 max 0.05 max 


0.02 max 0.02 max 


0.0000045 
B70-C44 


0.000004 approx. 
Hardness (Rockwell) . C30-C36 
Flectrical Resistance 


(ohms per mil ft at 20 
528 approx. 


neers, since the question of initial tension invariably 
arises because of space limitations. The greater the 
tare load, the greater the tare extension of a spring, 
Fig. 10. If springs were coiled with spaces between 
coils in the free state, the extension due to tare load 


would be quite large. Tare load extension plus the 
deflection due to load would require extreme axia) 
space for the springs under full load. Consequently, 
springs are coiled with initial tension, depending upon 
the amount of tare in the instruments. Since close 
tolerances on initial tension are difficult to maintain, 
there necessarily must be a tolerance on the hook 
length of the spring with tare load. Therefore, allow. 
ance for this tolerance on length must be provided in 
the adjustment hooks holding the springs in the in. 
strument. Usually, springs for precision applications 
are supplied by the manufacturer with ,adjustment 
hooks already coupled to the spring and set to the 
specified span distance within several thousandths 
of an inch. 

It might be well to point out that any precision 
spring should be extended at least once to full ex- 
tension in the instrument or scale application before 
the accuracy of the complete unit is checked. After 
the spring is subjected to its maximum extension, al] 
adjustment hooks and parts will then be completely 
aligned, and the small amount of set that may have 
taken place in the adjustment hooks will also be elim- 
inated. 


Calibration: Every spring for precision weighing 
is calibrated to a specified rate. Accuracy of cali- 
bration depends entirely upon the application, since 
the cost increases considerably with the precision re- 
quired. Springs can be calibrated to within several 
thousandths of maximum deflection if the need arises. 
Ordinary requirements for scale springs usually call 
for accuracy of 0.1 to 0.2 per cent in rate. 

For exacting rate requirements, a calibrator is used. 
Fig. 10. Attached to the end coil of a spring, the cali- 
brator is a clamping device that permits shortening 
the effective spring length to give the desired load- 
deflection characteristics. The rate is varied, of 
course, simply by moving the arm about the end coil 
of the spring. 








Fig. 10—Extremely high accuracy of spring rate can be ob- 
tained with a calibrator. Shown at the right end of spring, 
the calibrator can be rotated about the spring to alter the 
effective length. It also serves then as the upper terminal 
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LASTICS show quite different deformation char- 
acteristics than metals. It has been understood 
for a good many years that the Izod test, taken 
oer from the impact testing of metals, was inade- 
quate for measuring the same property in plastics. 

Empirically, it was plain that something was amiss 
when the Izod value for mica-filled phenolic was 
markedly higher than for woodflour-filled phenolic, 
since in actual service the latter is slightly superior in 
impact strength. Further, as the resilience of a plastic 
increases, the less reliable does the Izod value become 
for comparative purposes. Thus, the General Electric 
Co. found it necessary to employ a magnetic drop- 
hammer tester to demonstrate the true superiority of 
their Hycar-phenolic blends over the straight phenolic 
compounds. By the Izod test, the woodflour-filled 
phenolic rated 0.3 ft-lb per inch notch; the woodflour- 
filled rubber-phenolic blend, 0.6. By the drop-hammer 
test, this 100 per cent differential was almost doubled 
for cracking the test specimen (0.924 vs. 3.330 ft-lb) 
and more than tripled for breaking it (1.508 vs. 
9480). Similar differences exist for the two phenolic 
types with other fillers. 

In practical design, the drop-ball test has a double 
advantage: it is a truer index of impact strength than 
the Izod test, and it suggests an additional safety fac- 
tor in the spread between the energy to crack and 
the energy to break, in such components as may still 
function in a cracked condition. 

Theoretically, it has been demonstrated that the Izod 
value includes the energy to break the test piece, the 
tnergy to deform it plastically, the energy to throw 
off the broken piece, and finally the energy lost in the 
Vibration of the machine. Since the only interest is 
in the first factor, which is the impact strength pro- 
per, any variables in the other three which affect the 
Comparative values of the “total” impact strength as 
given by the Izod test make them misleading in effect. 
Several investigators have noted that the third 
factor—the energy to throw off the broken pieces 
(hence, called the “toss factor”)—accounts for a 
large part of the nominal Izod value. If this could be 
eliminated, the resulting value would be closer to the 
teal strength of the plastic. 

That is the object achieved in a new testing ma- 
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How should it be measured? 
What do the results mean? 


By William Schack 


Plastics Consultant 
New York, N. Y. 





chine, Fig. 1, developed by Rahm and Maxwell at the 
Princeton University plastics laboratory. The test 
specimen is clamped to the edge of a bar-like rotor; 
its projecting edge is broken against a stationary 
anvil as the rotor moves freely after being brought up 
to the desired speed. The impact strength, or energy 
to break, is computed from the slowing up of the rotor 
as the break occurs. Since it can be proved mathe- 
matically that energy in the broken test specimen 
equals the energy in it prior to the impact, no energy 
is lost in the broken piece; i. e., the toss factor has 
been avoided. 

The result is that the values obtained by this ma- 
chine are lower than those derived from the Izod test, 
as is graphically shown in Fig. 2. Note that in some 
cases the new values are no more than half of the 
Izod figures. The toss factor varies markedly among 
the various plastics because of the differences in spe- 
cific gravity: the denser the plastic, the more energy 
it absorbs as it is broken in the Izod apparatus. 

Following up these investigations, Maxwell and 


1 References are tabulated at end-of article. 








Fig. 1—Schematic of Rahm-Maxwell 
impact testing apparatus. Vibrating 
pointer measures angular velocity 
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others at Princeton adapted the machine to more 
varied test conditions.2 What happens as the rate of 
loading changes and as the temperature changes? 
This is the same problem which the designer must 
face when his product or component will not be in use 
only at room temperature and will not always be 
subjected to a single shock, and in the same direction, 
The original apparatus was modified because when a 
plastic component receives a sudden shock, the failure 
usually occurs in tension. That is, failure starts in 
that part of the component which is subjected to the 
highest tensile stress by the suddenly applied force, 
While properly designed sections and fillets can help 
to prevent breakage, the direction of the blow cannot 
be anticipated. It is therefore impossible to design 
the piece so that some section will not be put in ten- 
sion if a shock is applied to the unit. 

For this reason, it was decided that if the test spe. 
cimen were subjected to a simple tensile stress rather 
than flexure, the results would be more directly 
applicable to practical problems as well as lend them- 
selves more readily to theoretical analysis. To obtain 
such results, somewhat similar apparatus was devised 
to measure the energy to break at velocities of from 
20 inches per sec to 300 or 40 inches per sec over a 
temperature range from 10 C to approximately 110C. 
For tests at a velocity ranging from 0.0045 to 17.9 
inches per second, a direct spring-operated load- 
weighing device was coupled with a mechanical elonga- 
tion measuring system to give the complete load- 
elongation curve, and for the very low rates of strain- 
ing a universal Baldwin testing machine was used. 

The experiments carried out on these devices 
showed that the yield strength of a plastic increases 
logarithmically with the rate of loading, Fig. 3; that 
an increase in temperature causes a change in the 
yield strength which is similar to that caused 
by a decrease in the rate of straining, Fig. 3; and 
that it is usually possible to find two distinct energy 
drops for thermoplastics in the velocity range covered, 
Fig. 4. That is to say, at these critical points, the 
energy required to break the test specimens of metha- 
erylate, vinyl and ethyl cellulose showed sharp 
drops. With nylon, however, the energy to break 
showed sharp peaks at the critical velocities. Phenolic, 
which does not exhibit any plastic deformation even 
at very slow rates of straining, does not exhibit such 
critical points; the relation between energy to break 
and rate of straining is expressed in a straight line. 
Polystyrene behaves in the same way. 

The most general, practical conclusion is that 4 
single-velocity impact test at one temperature is not 
an adequate guide in the design of plastic components. 
When the component will be subjected in service t0 
a wide range of temperature and rates of straining. 
corresponding laboratory tests must be made to obtain 
the necessary data or experimental parts mnst be 
tried under the expected service condition. 
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OTH design and production operations benefit 

from statistical quality control techniques and 

another real advantage lies in the fact that the 
amount of inspection needed for the product can be 
dropped to a sampling basis. The customer, of course, 
will get a better product because quality must be 
tuilt into a product—it cannot be inspected into it 
on a “post-mortem” basis. 

Emphasis is given this factor by a case history of 
an automatic machine designed for a special-purpose 
job. It produced a high rate of defective product 
during a few trial runs. The designers devised a 
sturdier centering device and changed the slope on 
two cams to speed up one part of the cycle and to 
sow down another, Fig. 28. The ideas were aimed 
in the right direction. A few more runs showed some 
eratic performance but there was apparently a drop 
to an average of 5 per cent defective. The chief de- 
signer argued it would be uneconomical to try further 
refinements. 

It was agreed that a maximum of 1 per cent defec- 
tive was a goal that would minimize customer com- 
plaints. Attainment of this goal was to be accom- 
plished by using statistically correct sampling tables. 
Picked was a sampling plan for a 1 per cent Average 
Outgoing Quality Limit (AOQL). Since the usual 
lot size was around 1000 pieces, the inspector was 
told to take a sample of 120 pieces and accept each 
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Fig. 28—Whenever a 
design change is be- 
ing considered it 
would be profitable 
to be able to review 
the record of inspec- 
tions from Lot Plots 
on file 
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lot if he found two or less defectives. 

Three or more bad pieces in the sample would re- 
quire the entire lot to be screened 100 per cent. This 
practice resulted in a mixture of material in the store- 


room made up of two types of releases. 


wou 


First, there 
ld be those lots that produced samples that were 


accepted because two or less defective parts appeared. 
Then, some of the releases would not be defective at 


all 
piec 


because bad samples rejected the lot—the. bad 
es had been sorted from such entire lots. The 


percent defective of the mixture is thus “watered” by 


the 
tive 
to o 


screened lots. The final long-run percent defec- 
would always average out at some value equal 
r less than 1 per cent. That is—this was the way 


it should have worked. 
Inspection cost became the first problem met from 


the 


outgoing product. 


sam 


inspector’s attempt to inspect quality into the 
Almost every lot failed the 
pling plan and had to be screened. Everyone was 


‘References are listed at end of article. 
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29—Above—AOQL risk varies only with sample 

for lots of 500 or more items, to infinite quantities. 

pling by variables is considerably more effective 
than by attributes 


hoping that the next lot sampled might somehow pro. 
duce an acceptable sample to help offset the cost of 
screening. But according to the laws of chance, with 
this plan a lot 4.3 per cent defective would have jus 
one chance in ten of passing. 

Actually, more than one lot in ten did pass—by 
for two other reasons. The inspector unwittingly hag 
overlooked some defective pieces in those samples, 
The human element in inspection had been neglected 
by those who decided to use attribute sampling. Hy 
only rejected one or two pieces when actually the 
sample of 120 sometimes had three, four, and even 
five bad units. Then, a very important rule was over. 
looked. The statistical tables work correctly only if 
the sample is truly a random one. Random her 
means each and every piece in the lot must have a 
equal chance to be chosen. The sample was checked 
by spreading the pieces out and picking pieces her 
and there, a practice that occasionally results in 3 
biased or “unfair” sample. To have a sample repre 
sentative of the lot, the pieces must be selected with 
the aid of a table of random sampling numbers. Then. 
only the laws of chance can affect the defectiveness 
of the sample as compared to that of the lot. These 
chances are accounted for in the risk levels of the 
plan. 

Even more oversights plagued the rejected lots that 
were checked 100 per cent. The outgoing material 
ran around 3 to 4 per cent defective, and the custom- 
ers complained. The inspector was fired for being 
careless. The company threw out sampling, and hired 
a new man at a higher rate of pay and asked him to 
do 200 per cent inspection on each lot. Another sta 
tistical tool should have been used, one that would 
have helped to build quality into his product in the 
first place—a control chart or a Multi-Vari chart 
Then inspection would have had a proper place in the 
sequence. It would be only to confirm or deny that 
the quality had been properly built into the parts 
In addition, the production totals would not have to 
allow for a 5 per cent rate of scrap. 


Human Desires of a Good Inspector: There is 4 
natural tendency for anyone with an inspection jo 
to be rather careful of his results. When held re 
sponsible for the parts he releases, he wants to col: 
duct his inspection on a 100 per cent basis. Convert: 





Probabilty of Acceptance (per cent) 





08 1.2 1.6 
Defective Incoming Material (per cent) 


0.4 


Fig. 30—The operating charac 

teristic for the Lot Plot is th 

icture of its risk—how oftes 

fos of given degrees of defective 
ness can be passed 
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ing inspectors to sampling is difficult since they know 
amy sampling plan involves a risk—thé risk of not 
knowing how good or bad the parts are that did not 
happen to fall in the sample. 

In one solution the company specifies the risk levels 
that will be accepted. The inspectors are protected 
py their identification number appearing only on the 
parts sampled, with some other symbol not tied in to 
them appearing on the other parts of the lot. But 
also another factor is necessary—convincing the men 
that. 100 per cent inspection is generally a dangerous 
practice. To demonstrate this fact, the sentence, 
FEDERAL FUSES ARE THE RESULT OF YEARS 

OF SCIENTIFIC STUDY COMBINED WITH 
THE EXPERIENCE OF YEARS 


can be used and, with the letter F considered as a de- 
fective part, individuals asked to count the number of 
P's in that sentence. A large aircraft company lo- 
cated in the Midwest tried this test on over 200 indi- 
viduals. Only 16 per cent got the correct answer, six. 
This result is unbelievable to most people. Only 80 
letters make up the sentence but oversights certainly 
prevail for even such a small sample. The human 
mind is far from being as good as the human mind 
would like to believe. 

For a final step in the conversion of an inspector, 
comparative tests can be made on the same lots of 
material by competing inspection plans to see which 
method overlooks fewer bad pieces. Also to be no- 
tied is a practical element—how many inspection 
man-hours tie in with each method tried. 


Sampling Fundamentals: In Fig. 29 is shown how 


fig. 31—Lot Plot has 
tevealed that a ship- 
ment of collars is ac- 
ceptable at the low 
limit but is 15 per 
cent defective at the 
high value. The worst 
Patt is more than 
.004-inch over the 
high limit 


pccert (co. INSP) 


mr. accert (tS an) 


cov't. INSPECTOR 


risk varies with sample size. Using AOQL as a 
measure of risk serves as a common base for making 
a comparison among the data covered by the chart. 
If one or more defectives are found in any sample, 
that sampled lot must be completely inspected and all 
defective items replaced by good ones. Then in the 
long run the AOQL value of the chart will be the 
greatest percent defective that one can have in the 
accumulated accepted lots. 

This gives a clear picture of the reduction in risk 
with an increase in the sample size, provided the 
samples are truly random and properly rejected lots 
are screened. Lot size has practically no effect on 
this relation. For a given sample size, higher risks 
are read from the curves for the larger lot size. But 
this changes quickly as the lot size increases. For 
all practical purposes the effect disappears for lots 
of 500 or more items. 

There is a distinction between sampling by vari- 
ables and sampling by attributes. When measure- 
ments are made on each piece, the risk becomes con- 
siderably lower for a given sample size. Go and not- 
go inspection takes less time per piece but pays the 
price of needing greater sample sizes to keep the risk 
at the same level as that of the variables plan. 

Whenever the sample size equals the lot size this 
chart gives a reading of zero for the AOQL. With 
the lot-size curve for ten pieces this is true, since the 
100 per cent inspection can be reasonably expected to 
have no oversights. The human failing, “inspector 
fatigue”, sets in and causes oversights in any lot that 
exceeds about 50 pieces. Obviously the more pieces 
being checked the more routine becomes the task and 
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Fig. 32—The most common distributions to be 
found by Lot Plots. Six other types 
are covered in the reference of footnote 1 


monotony has a more telling effect. Other factors 
that make the work more or less effective are: how 
often and how much the inspector is distracted, the 
type of gaging used, working conditions, and even the 
mental condition of the inspector. So the higher lot- 
size attribute curves going to zero AOQL represent a 
theoretical situation, virtually unattainable. 

Adverse conditions are minimized when the amount 
of material inspected is kept low, and the inspector 
allowed to stop and record measurements instead of 
just putting work into acceptable and unacceptable 
piles. Unfortunately, certain characteristics can only 
be checked by the attribute method. Examples are 
the inspection of x-rays, the checking of parts for de- 
fective regions by magnetic particle or fluorescent 
penetrant inspection, and the use of go and not-go 
thread plug gages for small diameter threads (for 
which no successful indicator type internal diameter 
gages have yet been devised). 


A Comparative Test of Inspection Methods: Check 
about 20 lots of material by all three methods—at- 
tribute sampling, Lot Plot sampling by variables, and 
100 per cent inspection. Select the lots without re- 
gard to any prior knowledge of their probable defec- 
tive condition. The lot size in each case should be 
100 or more items. The test is run for each charac- 
teristic in the lot separately, those specifications you 
would now check 100 per cent. Tests for hardness 
are good candidates along with dimensional checks. 
The specification must be capable of being measured 
by a method that gives actual readings for each item. 

For the attribute and 100 per cent checks gaging 
methods that are normally employed should be used. 
One inspector should check each lot 100 per cent ex- 
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actly in accordance with present practice. Another 
inspector should use 500 pieces as an attribute 
sample. While go and not-go type of gaging yi] 
speed up this inspection, the test can be run by using 
@ gage that gives readings if that has been the prac. 
tice. However, record only whether the Sampled 
items are found acceptable to the specification or not. 
A third inspector should follow the Lot Plot rules 
given in the following. Here he may have to use a 
different gaging method. Some sort of indicator set. 
up with gage blocks or other standards usually serves 
well. The indicator must be capable of being read 
close enough to divide the total natural variation of 
the characteristic found in the lot into between seven 
and sixteen parts. 

The results of the competing methods should noi 
be revealed to the inspectors. A supervisor should 
tabulate the findings recorded by each inspector. Com. 
panies that have their inspection work surveyed by 
government inspectors find it is generally a good idea 
in this test to let the government representatives in 
on the results. As the test progresses, rotate inspec. 
tors so that each person checks some material by all 
three methods. This will guarantee unbiased findings. 

Conduct the 100 per cent inspection last so that 
any rejected items can be kept segregated for norma! 
material review action or other such method for de- 
ciding whether they can or cannot be accepted by 
special deviation. Any defective items found either 
by the attribute sampling or by the Lot Plot sampling 


Table 2—Comparison of Inspection Methods 





Attribute Several 
Results 100% 100% 
(No. def. in Results Inspection 

sample) (No. def.) (No. def.) 


Lot Plot Results— 
(Def, items (% def. x lot 
in sample) size—def. ) 


Lot Size 





0.05x70—3 to 4 4 
0.02x70—1 to 2 1 
0.14x500—70 68 
0.30x500—150 

0.03x500—5 7 
0.07x500—35 41 


NOTE: A few typical entries have been made above to illustrate filling 
out of the form. Two lots of material were involved, one having 7 
pieces and the other 500 items. In the first lot two characteristics wert 
checked, and four were inspected in the second lot. In tabulating a 
tribute results, of course, if the lot has 500 or fewer pieces all th 
material should be checked. The results entered then under both tht 
attribute column and the 100% inspection column will he the same 


should be recorded by the inspector and left in the 
lot, since it will later be subject to 100 per cent it 
spection. 

It my be desirable to run another test in a few 
the cases. Lots having percentages, estimated }) 
Lot Plots, much higher than the defectives found bY 
100 per cent can be checked carefully for that char 
acteristic by 200 per cent, by 300 per cent inspection 
etc., to confirm the reliability of the Lot Plot. Cul 
out the defectives accumulated. 

Tabulate results as in TABLE 2, using one line {0 
each specification or characteristic. The purpose af 
these comparisons is to find the best method, disté 
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garding for the moment considerations of economy. 
jo the attribute sampling should be done at a risk 
vel that corresponds with that of the Lot Plot plan 
und that comes close to the “zero” risk level of 100 
yr cent inspection. The sample size of 500 items 
ith no defectives allowed is an attribute plan with 
most the same operating characteristic curve as the 
Lot Plot has, Fig. 30. 

The risk of a sampling plan can never be complete- 
ly expressed by the use of one number. That is why 
sme sampling tables have a numerical heading in 
rms of Average Outgoing Quality Limit (AOQL), 
others Acceptable Quality Level (AQL), and even Lot 
Tolerance (LTPD). And while the numbers differ, 
the risk may really be the same for all three. A 
curve is necessary to give a proper picture of the 
risk. An operating characteristic curve shows that 
when the percent defective of incoming material is 
ero, the probability of the sample accepting the lot 
is 100 per cent. But, as the material comes in more 
and more defective, the chance that it will be accepted 
drops. 

AQL stands for an arbitrary, high fixed level 
(usually 95 per cent) of accepting lots of a low per- 
ent defective that there would be no hesitation to 
use. Its value can be read from an operating char- 
acteristic curve on the horizontal scale at that point 
corresponding to the 95 per cent value for probability 
of acceptance. The Lot Tolerance is the percent de- 
fective that is generally undesirable. It is usually 


Table 3—Conversion of Sums of Ranges To 
3-Sigma Limits 








Sums Cells Sums Cells Sums Cells 
31 4.0 47 6.1 63 8.2 
32 4.2 48 6.2 64 8.3 
33 4.3 49 6.4 65 8.5 
34 4.4 50 6.5 66 8.6 
35 4.5 51 6.6 67 8.7 
36 4.7 52 6.8 68 8.8 
37 4.8 53 6.9 69 9.0 
38 4.9 54 7.0 70 9.1 
39 5.1 55 7.1 71 9.2 
40 5.2 56 7.3 72 9.4 
41 5.3 57 7.4 73 9.5 
42 5.5 58 7.5 74 9.6 
43 5.6 59 A 75 9.8 
44 5.7 60 7.8 76 9.9 
45 5.8 61 7.9 77 10.0 
46 6.0 62 8.1 


laken as the percent defective for which the proba- 
tility of acceptance is rather low, say 10 per cent. As 
mentioned in Part 1, these fixed values of percent de- 
fective are only of theoretical interest since the ma- 
‘rial only seldom is received for sampling at just 
that degree defective. 


The Lot Plot Plan: The results of the foregoing 
‘mparative tests are amazing to most people. The 
tuman failing to uncover defective items by 100 per 
‘ent inspection and even by attribute sampling is 
dramatically revealed by the Lot Plot results. While 
the Lot Plot falls short of being a “perfect” plan, as 
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Fig. 33—A chart for finding the percentage of 
a normal curve that is made up of defective pieces 


brought out by Fig. 30, it comes about as close as is 
practical. 

The Lot Plots on file of each characteristic meas- 
ured in succeeding lots have proved to be one of the 
valuable features of this plan. They feed back to the 
designer data on how poorly or how well his toler- 
ances are being met. In many cases they not only 
show nonconformance but also that a simple shift in 
process setting will correct the trouble. Sometimes 
the plot shows two peaks. Here one distribution can 
be made of the two by paying attention to tool set- 
tings, or differences between operators. For these 
corrections a carbon copy of each Lot Plot becomes 
valuable to the supplier of the material. But also no 
designer should consider changing tolerances without 
referring to the file of these frequency distributions. 

An introductory working summary, sufficient for 
conducting the comparative tesi, is about all that can 
be presented on the Lot Plot in this brief series.? 
The Lot Plot is a frequency histogram of special 
form. Lot limits come from similar but simpler steps 
than those used for average and range control charts. 
The lot limits are values where pieces can be ex- 
pected to occur at the rate of from one to two per 
thousand. 

The people who make out Lot Plots should be able 
to read gages, count, add, subtract, do simple multi- 
plication, and read values from charts. The word 
“cell” stands for a horizontal row on the Lot Plot 
form where the results of the individual measure- 
ments are recorded, one entry for each piece. Any 
result found to be between adjacent written-in values 
in the left-hand column is entered in that row bound- 
ed by the two line numbers, Fig. 31. 

To obtain a random sample of 50 pieces from a lot, 
a sampling card for that lot size is used. This card 
will carry 50 random numbers listed in numerical 
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order, none of which exceeds the lot size. The cards 
can be waiting on the job, having been made up in 
advance for convenient lot size intervals. For a 
handy way to get these numbers, the last two digits 
from a few columns of a five or six-place table of 
logarithms can be used. 

Suppose the lot size is 438 pieces. Sampling cards 
would be ready for lot sizes of 400 and 500 and the 
latter would be used. Say the last two digits of each 
successive log table entry gave 24, 27, 93, 08, 12, 74, 
05, 31, 15, 29, etc. Use each group of three digits 
and discard any numbers that run higher than 500. 
So 242 would be used, 793 discarded, 81 used, 274, 53, 
and 115 also would be listed. 

For this example, any number between 439 and 500 
that might be on this sampling card will not be rep- 
resented in the particular lot. These few extra parts 
to make up a full sample of 50 can be selected from 
the lot by any other reasonable scheme. Usually the 
material comes packaged in such a way that it is a 
simple matter to select the parts that correspond to 
the numbers by their position in the lot. But if the 
material is not packaged in orderly positions, then 
the entire lot should be spread out on a table having 
lined areas. Each piece on the table can then be 
“numbered” from its relative position in one of the 
areas. 

Divide the sample into ten separate lots of five 
pieces each. Enter the measurements of the first five 
pieces by writing the number 1 in the proper squares. 
Each is in the cell that is bounded by the same two 
lines that on the indicator came above and below the 
actual position of the pointer. Record the number 
of the cell units between the lowest and the highest 
l’s in the RANGE column of the Lot Plot. Start each 
count with “zero”, “one”, “two”, etc. Fig. 31 shows 
a range of six cells for the first subgroup of five 
pieces. Measure the next five parts and place the 
figure 2 in the appropriate squares. Move one square 
to the right if the first square is already occupied. 
Record the range again, but against subgroup num- 
ber 2. Continue until the ten subgroups have been 
entered. 

Before making all these entries a scale of sizes 
must be determined. Measure the first five pieces and 
determine the average reading and the range or dif- 
ference between the largest and smallest measure- 
ments. Write in the average size in the VALUE 
column on the form in or within a few lines of the 
central horizontal space with the printed 0. This 
will keep the entire histogram centered on the paper. 
Double the range of these first five readings and see 
if that falls between 7 and 16 intervals that you 
might want to use in the VALUE column. 

In Fig. 32 the range of the first five pieces is six 
cells, each being 0.001-inch, giving 0.006. Double this 
range is 0.012 or 12 intervals, satisfactorily between 
7 and 16, If this were not the case a larger or smaller 
interval would have to be picked to give the right 
sensitivity to the histogram. The doubling gives an 
estimate of the base width of the completed distribu- 
tion. The gage used must be capable of being read 
to each of the intervals. 
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Write in measurements in these increments in the 
VALUE column to serve as reference scale for future 
plotting of results. The column marked IND. stand; 
for actual indicator, micrometer, or other gage read. 
ings, if they differ from those printed in the next 
column headed LINE NO. In the pictured example 
the 0 for the gage happens to correspond to 0.250 or 
line number —5. These indicator reading entries are 
needed only when the line number printed figures do 
not serve to tell handily which cell should be used to 
record each measurement. 

Add the ten entries in the range column and con. 
vert this sum to 3g from TABLE III. These number 
will position the lot limits as that number of cel) 
units above and below the average of the whole dis. 
tribution. 

Using a strip of printed LINE numbers cut out 
from a blank Lot Plot form, count out the position of 


the average of the entire distribution (X) as follows: 


1. Locate the strip along the base of the distribv- 
tion so that the +’s and —’s of the strip split the 
distribution about equally to the eye. The 0 of the 
strip should fall directly over a row of readings, 
rather than being offset half a cell width as is 
the case on the printed Lot Plot form. Over to the 
right of this cell write in a 0, as shown in Fig. 31. 

. Balance out as many minus values in a row 
against its corresponding plus row by moving the 
strip to the right. These sets of pairs of covered 
readings can be considered as cancelled out. Re- 
cord at the right-hand section of the form, above 
and below the written-in 0, each excess as a plus 
or minus product of the strip cell number and 
the number of excess readings in the row. For 
example, in the +1 row there are seven entries 
and in the —1 row there are eight entries. The 
excess of one entry times —1 gives a write-in 
value of —1. Comparing the +2 and the -—2 
cells we have an excess of one entry in the +2 
cell, which gives another write-in value of +2. 
and so on. 

. Total the recorded numbers, paying attention to 


sign, and divide by 50 to get X. This is done by 
simply doubling the total (+7) and marking off 


two decimal places to the left. Then draw the ¥ 
line on the chart, moving up or down as neces: 
sary from the center of the cell that was chosen 
for the written-in 0. In Fig. 31 this is +0.14 cells 
above the approximate center of the distribution, 
or very close to the center of that cell. 


By counting up and down from this X line the num- 
ber of cells previously found as the 3e value, the prob- 
able limits of the lot can be shown. These should be 


labelled ULL (upper lot limit) and LLL (lower 10 
limit). In the example they are located at 6.6 cells 
above and below the average line. Mark in the speci 
fication limits on the form to complete the job. 


of th 


ieati 


How To Analyze Lot Plots: The picture obtaine/ji 


by the foregoing plan should be compared with 0! 
of the five types of Lot Plots shown in Fig. 32. Ty? 
a is a normal-shaped, symmetrical distribution th 
lies well within the specification limits. Even the !0! 
limits do not need to be found. The lot can be col 
sidered acceptable for this characteristic. 

Type b is also a normal-shaped, symmetrical dis 
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Fig. 34—-Schematic section of method used for 


: me handling skewed or unbalanced distributions 
mn 0 


ows: 
bu- 

he Bribution but a portion of it extends beyond a speci- 
the . —_ . > 
2 ation limit. By counting the number of cells in 


is gee distance D and in the base width distance W and 
‘he #pitering these results in the chart of Fig. 33, from 
31. (Ble right-hand side of the labelled slanting lines can 
ow Me read the percentage of the entire lot that can be 
the Expected to be beyond that specification. This Lot 
ee Plot can be then reviewed for disposition as accept, 
= turn to source, screen, rework, or scrap. 

“ Type c is a distribution with one tail cut off. The 
ng ff limit for the complete half of the distribution 
‘or fat has a filled-out tail should be computed in ac- 
ies fordance with the sectional illustration of Fig. 34. The 
‘he ak of the distribution or the cell with the greatest 
“in umber of readings is labelled M for mode. Under f 
te tabualted the number of readings in each cell from 
le mode cell out to the end of the tail, but only one- 
talf of the entries in the mode cell are used. This 
to flumn is added to obtain $F. In the next column 
abelled X, the mode cell is called 0 and each cell num- 
off ered in sequence out to the tail. In the next column 
= fpter the square of these cell numbers. Finally write 
l@ product of the f value and the X? value. Add 
lis last column to give 3fX2. Enter these two sums 
is Fig. 35 or 36, whichever has the appropriate range 
on, fp Values, to read as an answer on the bottom of the 


lart the location of the lot limit from the mode in 
—_ ells. 
srob- [his number of cells represents distance A of the 
id bebe ¢ Lot Plot. The two lot limits, set at equal dis- 
r lotg'tces away from the mode, stand for a prediction 
cells the extreme pieces of the distribution if it had not 
en cut off. When these lot limits are within speci- 
tation limits, material should be accepted with this 
taracteristic. If the lot limit at the filled-out tail 
§ Outside of specification limits, the percentage of 
te entire lot that is defective should be predicted by 
illowing these steps: 










peti: 


l. Count the number of cells from the center of the 
mode cell to this lot limit. In the cut-away of 
Figure 34 it is 6.4 cells. Double it, calling the 12.8 
cells W 


dis 2. Count the number of cells that the lot limit is be- 
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=F Values—” 40 


Sum of Frequencies Times Cell Values Squared (zFx*) 














Ce °° + + = Sf = «t. = = 


Location of Lot Limit from Mode (cells) 

















Fig. 35—Chart for finding lot limits for 
>fX? values less than 100 


ee 


yond the specification limit. Let us say this might 
be 4.9 cells. Call this distant D 

3. From D and W read off from Fig. 33 that the lot 
would be 25 per cent defective if it had filled out 
into a complete normal curve 

4. Multiply =F by 0.04. In this example it is 0.04 
times 24 = 96 

5. Multiply the Fig. 33 percentage by this factor, 
0.96 x 25 per cent = 24 per cent. This value is 
marked in the appropriate block at the bottom 
center of the Lot Plot form as being the percent- 
age of the lot that is beyond the specification in 
question. 


If the lot limit at the cut-off side of the distribution 
lies beyond the specification limit, it is not certain 
how much of the distribution may or may not be de- 
fective. It is known that it is no greater than that 
found if the tail filled out. So again with the count 
of distance D on the cut-off side and distance W, 
which is already known, the maximum percentage 
can be read directly from Fig. 33 without finding 
an adjustment factor. 

When this percentage and the extent of the error 
as indicated by the position of the lot limit are 
acceptable on a material review basis, disposition of 
the lot can be made. If not acceptable, this charac- 
teristic has to be checked by an attribute sampling 
plan at this specification limit. When the main func- 
tion of the characteristic being plotted is to result 
in a certain design fit or clearance with a mating 
part, as a shaft or bore diameter or a thread pitch 
diameter, etc., 25 additional pieces must be taken at 
random from the lot. If none lie beyond this spe- 
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cification limit (as well as none of the lot plotted 
pieces falling beyond it) enter the results in the 
bottom right-hand section of the Lot Plot form and 
accept the lot for this characteristic. 

However, if the primary function of this char- 
acteristic is structural, as a wall thickness, hardness 
reading, etc., thus not being influenced by the chance 
of any mating part, an additional random sample of 
250 pieces needs to be taken from the lot. Consider 
the lot as acceptable only if no parts are found de- 
fective from sample of 300 at that specification limit. 

Type d is half or a little more than half a dis- 
tribution, such as is formed by concentricity, square- 
ness or parallelism specifications. The 0 at the bot- 
tom stands for the cell boundary corresponding to 
zero full indicator reading while the tail extends 
on out to so many tenths or thousandths of an inch, 
full indicator reading. Again mark the mode cell 
and use the method of analysis described for type 
c, including the factor to modify the Fig. 33 per- 
centage if the lot limit is found to be beyond the 
specification limit. 


In type £ two or more distributions are indicate 
An additional sample can be taken, if necessary, 9 
the cell interval distance changed where required ty 
give at least 25 readings from each external mog& 
out toward the tail, if it is expected that a lot limi 
will be found to be beyond a specification limit. | 
not, no lot limits need to be computed and the char. 
acteristic can be considered acceptable. When cop. 
puting lot limits, the method described for type c, for 
locating the lot limits from the modes that are closes; 
to the specification limits, should be used along with 
the factor for modifying the Fig. 33 percentage at 
each end that might be defective. 


REFERENCES 


. Sampling Inspection Tables-Single and Double Sampling—H. F 
Dodge and H. G. Romig, John Wiley & Sons, Inc., New York, 194 
page 84. 

. For a complete description of the Lot Plot that tells how to hand) 
stray pieces, how to use statistical rules for material review dis 
positions, etc., the reader is referred to Industrial Quality Contro), 
‘“‘The Hamilton Standard Lot Plot Method of Acceptance Sampling 
by Variables’’, July 1950, and ‘‘Recent Lot Plot Experiences Arouni 
the Country’’, March 1952. 

. Although this is a practical source of such numbers, a more correc 
source (tested by several means for randomness) is Tables of 
Random Sampling Numbers—M. G. Kendall and B. Babington Smith 
Cambridge University Press, 51 Madison Avenue, New York, N. Y 
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Fig. 1 — Sketch showing 
case of axially loaded con- 
tainer with flat end plate 
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STRESS AND DEFLECTIONS IN 











r- 


TRESSES and deflections of a cylindrical con- 

tainer and its end plate are given in this article 

for the case of uniform loading applied to the 
end plate, Fig. 1. This type of loading is met ap- 
proximately in practice when a cylindrical container 
filed with a nonfluid, nonstructural material is sub- 
jected to gravitational loading in the axial direction, 
such as from the weight of the material or from a 
vertical shock. A typical example might be an upright 
cylindrical container loaded with sand or coal. The 
radial loading applied to the container by materials 
of this type is small relative to the axial loading. 


Method of Solution: The method of analysis em- 
ployed in arriving at working equations consisted 
of considering the end plate and the cylinder sepa- 
rately. The general plate and cylinder differential 
equations given by Timoshenko! were solved for this 
particular case. The arbitrary constants appearing 
in the solution of the equations were evaluated from 
the boundary conditions of this particular problem; 
tamely, that the conditions of equilibrium must hold 
at the junction of the plate and cylinder. That is, the 
moment on the plate must equal the moment on the 
tylinder, the slope of the plate edge must equal the 
slope of the cylinder, etc. 


The assumptions made in this analysis are the 
usual ones of elastic theory: plate deflections due 
to bending are small compared to the plate thickness; 
the material is perfectly elastic, homogeneous and 
isotopic; plate loading is uniform; radial loading on 
the cylinder is negligible; and plate thickness, cyl- 


a 
References are tabulated at end of article. 
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Axially Loaded 


Cylindrical Containers 


By D. P. Timo 
Thomson Laboratory 

General Electric Co. 
West Lynn, Mass. 


inder wall thickness and cylinder displacement are 


small compared to the plate diameter. 


Stress and Deflection Equations: In the original 
analysis? equations were developed for the stresses 
and deflections at any point on the plate or cylinder. 
Here, however, only the maximum stresses and de- 
flections are given since these values are the limiting 
conditions in practical design. 

The results are given in generalized dimensionless 
equations in the accompanying tabulation. Curves are 
plotted from these expressions for the specific case 
of Poisson’s ratio of 0.3 in Figs. 2 to 8. Stresses and 


LL A LTE ECTS RE ETE SES LRT 


Nomenclature 

a = Plate radius, inches 
E = Modulus of elasticity, psi 

= Plate thickness, inches 
L = Cylinder length, inches 
q = Uniform plate loading, psi 
t Cylinder wall thickness, inches 

Ws, = Axial bending displacement in plate, inches 


Wr, = Cylinder tensile elongation, inches 
= Laq/2tH 
a= t/h 
B= ash 
y = Reciprocal of cylinder “wave length,” inches} 
V3(1 — w?)/Vah 
§ = Cylinder radial displacement, inches 
un = Poisson’s ratio 


oO; Radial plate bending stress, psi 
o; — Tangential plate bending stress, psi 
o, = Cylinder axial stress, psi 


wou ue ued 
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Data Sheet 
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Fig. 2—Radial plate bending 
stress at periphery of plate 
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Fig. 3—Tangential plate bend- 
ing stress at edge of plate 
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Fig. 4—Radial and tangential plate 
bending stresses at center of plate 


deflections are plotted versus « for several value 
of 8 so that the stresses and deflections may be oh 
tained directly for a wide range of dimensions. Nega 
tive stress values designate compression. 
Equation 1 and Fig. 2 describe the variation of the 
radial plate bending stress at the periphery of thd 
plate. For g>1.2 stresses approach those of a cir 
cular plate rigidly built-in at its periphery. For « - 


me 
This 
Kc 
ne I 


he 


0 the radial plate bending stress is zero since this is 


the case of a circular plate with freely supportedy 


edges. 
Equation 2 and Fig. 3 illustrate the variation o 


num 
are: 


vent 


the tangential plate bending stress at the edge off 


the plate with a for different values of 8. Again as 
a increases from zero to 1.2 or greater, the stress 
conditions vary from those of a circular plate freel 
supported at its periphery to those of a circular plate 


ncre 


nin 


rigidly built-in at its periphery. Also, the tangential = 
plate bending stress reverses in sign as a increases " 


and this stress equals zero at « = 0.55. 
Equation 3 and Fig. 4 define the variation of both 
the radial and tangential plate bending stress at the 


center of the plate with a. At the center of the plate} 


the radial and tangential bending stresses are equal. 
Equation 4 and Fig. 5 define the maximum axial 
plate displacement due to bending. To obtain the 
total axial displacement, the cylinder elongation,' 
Laq/2tE, must be added. 
Equation 5 and Fig. 6 illustrate the variation of 


Fig. 5—Maximum plate displacement due to bending 


|| 
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a he maximum axial cylinder bending stress with «a. 
2€ OD , ° 

Negapptis stress peaks at « = 0.2. Obviously, values of 

,in this region are to be avoided. 

xf the Equation 6 and Fig. 7 illustrate the variation of 
f the maximum cylinder axial stress with g. This stress 
+ cinfpiters from that of Equation 5 and Fig. 6 in that 
. tensile stress in the cylinder has been superim- 
his ig wsed on the bending stress, giving the total maxi- 
ortedyum stress on the cylinder. The curves of Fig. 7 


lifer from those of Fig. 6 in that the curves of Fig. 6 
ynt to zero for « = O whereas the curves of Fig. 7 
e asymptotically with the vertical axis at « = 0. 
s the cylinder thickness decreases, the tensile stress 
mreases rapidly so that the total stress approaches 
minity even though the bending stress goes to zero. 
gain, the curves peak at « = 0.2, an undesirable 
mnge for the ratio of cylinder wall thickness to plate 
radius. 











on 0 
ye 0 
in as 
stress 
reely 
plate 
ntial 


Axially Loaded Cylinders 


the maximum cylinder displacement in the radial 


direction with a. Two vertical axes are shown to 
cover different ranges of cylinder displacement since 
this displacement decreases rapidly with «a. 


Example: Assume a vertica] cylindrical container 
with a flat end plate having the following dimensions 
to be loaded with 6000 lb of powdery material: cyl- 
inder radius, a = 25 inches; cylinder wall thickness, 
t = \%-inch; end plate thickness, h = %-inch; and 
cylinder length, LZ = 100 inches. Assume, also, that 
the container is steel, with Poisson’s ratio, » = 0.3 
and modulus of elasticity, EH = 30,000,000 psi. Since 
the container is loaded with nonfluid material, the 
radial loading can be neglected. 

First, the unit loading applied to the end plate is 
q = 6000/27(25)2 = 1.52 psi. Then, the dimension- 
less ratios, « and B, are « = t/h = 0.5/0.875 = 0.572 





























>ases : , a 
Equation 7 and Fig. 8 describe the variation of and 8 = a/h = 25/0875 = 28.7. 

both 

t the 

olate . . 

or Stress and Deflection Equations 

ual. 

= Radial plate bending stress at periphery of plate: 

the 

: r 3 1 

‘ion,! oe eee ( Bd - 1) ;, (1) 
a 4 2V3(1—pw)V Bar5S+1lt+y . 

1 of || — —-— —_— ——o 

Tangential plate bending stress at periphery of plate: 

or Re l+yz 

ding — Baum §F ( —__—_—_—_—— — ») , ; (2) 
a 4 2V3(1— pe) V Bo®S5+1+y4 





A ___—____ 


Radial and tangential bending stresses at center of plate: 














or Or 3 2 
] asi a+» — eee eee . (3) 
| q q 8 2V3(1— uw?) V Bar®5 +1t+yp 
] Plate displacement due to bending: 
: Wz,E 3 4 
= — 1-42 ( — +1). (4) 
aq 16 2V3(1 — w*) V Bar +1lt+ys 





oy 1.5 ¥ 3(1 — p?) V a p25 








| 
| 
| Maximum cylinder axial bending stress: 


q 2 W3(1 — uw?) V Bor +1lt+ys 


(5) 





Maximum cylinder axial stress: 


Sy.maxr _ 1.5 ¥ 3(1 — gw?) V @ B25 





| 
| ; stata 


a + 
q 2V¥3(1— 4?) V Ba®5+1+yp 


B 
2a 





(6) 





Maximum cylinder radial displacement: 





0.485 (1 — u2) B3 





| wy 
| ; “ 
6 | q 





a 


2vV3(1— pn) V Bor +1+4 
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Data Sheet 


STRESSES: From Fig. 1 for ¢ = 0.572 and 8 = 28.7, 
o-/Q = 450 or o, = (450) (1.52) = 685 psi. 

From Fig. 2 for the prescribed values of « and £, 
o:/@ — Oor or = 0 psi. 

From Fig. 3, o,-/q = o:/q = 560 or co = o = 
(560) (1.52) = 851 psi. 

From Fig. 5, oy—maz/Q = 1400 or oy— mez = (1400) 
(1.52) = 2180 psi. 

DISPLACEMENTS: Maximum plate displacement in 
the axial direction is made up of two components. 
One is the deflection of the plate center due purely 
to plate bending. The other component of plate dis- 
placement is the tensile elongation of the cylinder. 
The first component is found from Fig. 4: W, E/aq 


Fig. 6—Maximum axial cylinder bending stress 
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Fig. 7—Maximum cylinder axial stress 
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B=0/h=4 
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a-t/h 












= 7600, or Wz, = 7600ga/E = (7600) (1.52) (25), 


30,000,000 = 0.00962-inch. 
The cylinder tensile elongation is W, = Lag/2tk 
= (100) (25) (1.52) /(2) (0.5) (30,000,000) = 0.000- 


126-inch. Total axial displacement is Wz, + W, = 
0.009746-inch. For maximum cylinder radial dis- 
placement, from Fig. 7, 8yE/q = 1800. But 


pfeil «J 
if. 


= 0.354-inch 


y 3(1 — 0.09) 
(25) (0.875) 


Then, § = 1800q/Ev = (1800) (1.52) /(30,000,000) 
(0.354) = 0.000258-inch. 

SHocK LOADING: The maximum stress for this ex- 
ample is the cylinder axial stress, 2180 psi, and the 
maximum displacement is the total plate displace- 
ment, 0.00975-inch. Stress and deflection are rather 
small. However, had a shock been applied to the 
container, the loading would have been multiplied by 
the g shock acceleration. For example, a 5g shock 
would have imposed five times as much loading on 
the cylinder, resulting in much larger stresses and 



















P* 
f: 





deflections. 


REFERENCES 
a. 8S. Timoshenko—Theory of Plates and Shells, McGraw-Hill Book Co., 
New York, First Ed., 1940, Pages 55, 389. 
2. D. P. Timo—Azial Loading of a Cylindrical Container, Report No. 
495, Knolls Atomic Power Laboratory. 


Fig. 8—Maximum cylinder displacement 
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. . » With analog computers 
simplifies design procedures 
0) 
By J. T. Carleton 
X= Supervisor, Analog Computer Operations 
h Industry Engineering Dept. 
. Westinghouse Electric Corp. 
e- East Pittsburgh, Pa. 
er 
he 
by 
ck , 
a ERHAPS the most important 
- factor contributing to the high- Reference Coot eee Generator __Motor __ 
ly perfected regulating systems of Bus Megamp Megampf 1 
today is the application of ad- | 
co, svanced analytical techniques to a 
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! 

fo oto ot}. 
xo. their design. Of particular signif- Lt E 
iance is the use of analog com- jit } 





puters to determine the perform- ‘ = ST: 
oe I 

ance of new circuits before they ! , 

are built. EE seaman - 


In any regulating system, many 
variables affecting system opera- 
| tion are involved. Widely differ- 

















ing mechanical and electrical func- Fig. 1—Above—General layout of Fig. 2—Below—From breakdown of 
tions must be made to operate regulating system for cold strip system in Fig. 1 components can be 






















































































with very precise relationships to tandem mill showing component reduced to ton ge electrical ana- 
each other. To determine, in ad- parts to be analyzed logs as shown 
vance, the performance of such a ai 
system under all conditions would M- 
be impossible without computers. i, 
Analysis of regulating systems —_—_ aa ? 
consists of three major steps: i : 
1, General layout of the regulator 3 —— 
and analysis of the performance : 
| of component parts. Generator Circuit ¢ 
| || 2. Translation of ‘the component- | High-Gain | wae 
| | part performance into overall- + Amplifier 1 
| system performance under speci- ; : 
fied conditions. onli on. oe . 
| 3. Interpretation of overall-system ay ee eee . : 
| performance in terms of end . Li cemall | a 
! product. i el ; H i i L 
Prior to the development of the * Ky 
0 amalog and other suitable comput- 
és, by far the most difficult phase 
was the second requirement — Gumus ae Deter Analog 
translation of component-part per- 
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Fig. 3—Completely developed ana- 
log for analysis of regulator sys- 
tem in Fig. 1 


formance into overall-system per- 
formance. To make the problem 
amenable to solution, simplifying 
assumptions were necessarily 
made, such as linearization of com- 
ponent characteristics, and some 
factors were assumed to be neg- 
ligible simply because they could 
not be coped with by usual meth- 
ods of calculation. As a result, 
the designer could determine fair- 
ly well the steady-state perform- 
ance, but could predict only sketch- 
ily the dynamic performance of 
his regulating system. 

The analog computer has re- 
duced this heretofore difficult 
phase of analysis to a _ rather 
simple and rapidly executed proce- 
dure. For example, consider the 
regulating system for a cold strip 
tandem mill in which the general 


layout of the system and the analy- 
sis of component parts has been 
completed and is as shown in the 
diagram in Fig. 1. 

With the analog computer all 
components and factors, whether 
electrical or mechanical, are re- 
duced to simplified electrical an- 
alogs. Therefore, the first step is 
to devise the electrical analog of 
the system. The procedure for do- 
ing this, by components, is shown 
in Fig. 2. First, the analog for 
the motor is devised from several 
relationships which can be imme- 
diately set up. Motor speed can be 
related to induced emf; motor 
torque can be equated to a func- 
tion of armature current or writ- 
ten in terms of load and accelera- 
tion; and terminal voltage can be 
expressed in terms of induced emf 
and armature current. Combining 
these several relationships, an 
equation between terminal voltage, 
motor speed, and load torque can 
be established in terms of mechan- 


Fig. 4—Response of regulating system to suddenly applied change in voltage 
setting. Other changes in operating conditions may also be easily simulated 
and recorded for design analysis 
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ical time delay and armature time 
constant as 


n-0[ 


Symbols are defined in the Nomen- 
clature and Figs. 1, 2, and 3. 


Nomenclature 


A = Amplifier gain 
B,C, G, K = Constants 
Induced emf, motor 
Field voltage, generator 
Internal voltage, gen- 
erator 
= Terminal voltage 
—= Armature current 
Field current, generator 
Armature inductance 
Field inductance, gen- 
erator 
Motor torque 
Load torque 
Armature resistance 
Resistances, generator 
analog 
Field resistance, genera 
tor 
- L,/R, = Armature time 
delay 
= R,C = Mechanical time 
delay, motor 
= R,¢/BG = Mechanical 
time delay, generator 
Angular velocity 
Inertia 


Ween 


In a computer operation such as 
this, electrical and mechanic! 
quantities must be combined into 
one electrical analog. In the m 
tor, speed and voltage are equivé 
lent, as are current and torque, am 
inertia can be represented by ® 

(Continued on Page 260) 
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PRESSURE REDUCING REGULATOR 1 


... regulates pressures to 150 Ib. 
Dayton Rogers Mfg. Co., Minneapolis 7, Minn. 


Vibration mountings elimi- 
nate vibration, shock and 
concussion of the regu- 
lator. 





Size: 4%, 3%, % and %-in. pipe size connections. 
Service: Reducing, regulating and gaging compressed 
air pressures to 150 psi. 


Design: Combination pressure-reducing regulating 
valve and gage with mounting bracket and vibra- 


tion dampening mounts; gage valve adjusting screw: 


has locknut; available without gage. 
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SINTERED NYLON 3 
. . basically similar to molded grades 
National Polymer Products Inc., Box 422, Reading, Pa. 


Produced by powder metallurgy techniques, parts 
from this material have similar hardness, chemical 
and wear resistance as standard nylon. 


Designation: Nylasint 66. 

Form: Powder, with particle size below 10 microns. 

Service: For cold-pressed and sintered bearings, gears, 
cam rollers, valve seats; parts have hardness, chemi- 
cal and wear resistance comparable to Nylon FM 
10001 but somewhat lower toughness than molded 
product; good dimensional stability, since proc- 
essing below melting point causes less internal 
strain; can be filled with lead, copper, graphite, 
refractory oxides, magnetic materials, etc., for spe- 
cial properties; low coefficient of friction. 

Properties: Nylon powder; ultimate particle size, 1-3 
microns; density, cold pressed before sintering, 1.08 
gm per cc. 
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GEAR OIL : 2 


... contains molybdenum disulfide 


Imperial Oil and Grease Co. Inc., 6399 Wilshire Blud., 
Los Angeles 48, Calif. 


A metallic film is formed which reduces friction 


and wear. 


Form: Fluid lubricating oil. 

Size: 115 Ib and 55 gal drums. 

Service: Lubricating gears and bearings; molybdenum 
disulfide film will withstand surface stresses of 
108,000 to 225,000 psi; effectively fills “valleys” 
or pores of metal surfaces to form metallic film 
which reduces friction and wear. 

Properties: Molybdenum disulfide particles, less than 
micron size, suspended in paraffin-base mineral oil; 
wear reduction is due to structure of molybdenum 
disulfide particle which is composed of sheet of 
molybdenum atoms “sandwiched” between two sheets 
of sulfur atoms; one sheet of sulfur adheres very 
Strongly to gear or bearing due to strong metal- 
sulfur bond while reverse side slips due to lack of 
bonding to sulfur layer of other particles; available 
in all SAE viscosity grades. 
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CHECK VALVE 4 


.. « has no wearing parts 
Techno Co., 28 W. 12th St., Erie, Pa. 


Jad 


No grinding or replacing of . 4 “ 
valve seats is necessary. . # : 
. 4 





Size: 4 to 16 in. 

Service: Preventing reverse flow in air or noncorro- 
sive gas lines at pressures to 50 psi and tempera- 
tures to 200 F; pressure drop of %-in. of water at 
2000 cfm and 25 psi discharge pressure. 

Design: Check valve consists of steel body with semi- 
flexible, “feathering” valve element; specials avail- 
able for higher than standard pressures and tem- 
peratures; special materials and linings also avail- 
able. 
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NEW PARTS 


PACKING RINGS 
. . . molded endlessly, with no joint 
Periflex Inc., Hazel Park, Mich. 


Rings are available for use 
with machined metal end mem- 
bers, or can be supplied with 
end adaptors. 


Designation: 88. ; 

Size: 4%, yy and %-in. cross-section; % to 3 in. ID, 
1 to 3% in. OD. 

Service: Rod or piston sealing; seals pressures over 
5000 psi; withstands high temperatures and flexing. 

Design: Endlessly molded packing ring sets; molded 
from special neoprene compound; cross-section of 
rings is such that higher pressures increase sealing 
action; lip interference of rings automatically pre- 
loads packing in stuffing box, eliminating need for 
any but initial gland adjustment; channel formed 
between adjacent rings acts as lubricant reservoir. 
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MOTOR AND CONTROL 
. . » give speeds to 10,000 rpm 


Industrial Control Co., Wyandanch, Long Island, N. Y. 


Meter on front panel of 
control box permits di- 
rect reading of motor 
speed. 


J} 


| 
j 

Designation: 302-A. 

Size: Control box—8 in. square, 6% in. deep; motor— 
2% in. diam, 3 in. long. 

Service: Supplying a maximum of 1 oz-in. torque at 
speeds from 100 to 10,000 rpm; operates from 117 
v 60-cycle ac line; speed may be varied remotely, 
if desired. 

Design: Small, high-speed motor and control; match- 
ing gear boxes available in any desired ratio; pro- 
vision for measuring torque delivered to load. 

Application: Servo directors, automatic control sys- 
tems; light machine tools; industrial process con- 
trols; torque measurement. 
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ROUND-CHART RECORDER 
. .. is moisture, fume and dustproof 
Bristol Co., Waterbury 20, Conn. 


Can be used with any 
sensing element whose 
de voltage or current 
output changes as a 
function of the meas- 
ured variable. 


Designation: Dynamaster. 

Size: 19 in. wide, 15% in. high, 13,4 in. deep; chart, 
12 in. diam. 

Service: For measuring and recording any quantity 
that can be measured in terms of direct voltage or 
current; as many as 16 variables can be measured 
and recorded by one recorder; operates on 120 v, 
60, 50 or 25 cycle ac; 24-hour and 7-day chart speeds; 
20, 7, 3, 1.5 and 2/3-sec full-scale pen speeds. 

Design: Continuous-balance null-type potentiometer; 
variation in measured quantity is electronically am- 
plified to direct operation of balancing motor which 
rebalances potentiometer by moving slidewire cnon- 
tact; motor also drives recording and indicating 
mechanisms, controlling models for air or electrical 
control also available. 
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SPEED REDUCER 
.. - can be mounted in three positions 


Eberhardt-Denver Co. 1408 W. Colfax Ave., Denver, 
Colo. 


Each speed reducer is op- 
erated under load and tested 
before being shipped. 


Designation: 3L2. 

Size: % to 3 hp; 3% in. from center of input shaft 
to center of output shaft. 

Service: Speed reducing, with 9 ratios available; may 
be mounted horizontally with output shaft above 
or below input shaft or with output shaft vertical. 

Design: Worm gear speed reducer; integral worm and 
input shaft of hardened ground and polished alloy 
steel; output shaft of ground, high-carbon steel; 
worm gear is high grade bronze; both shafts 
mounted in Timken bearings; top and bottom sur- 
faces of housing machined so that either may De 
used as mounting base. 


For more data circle MD 8, Page 193 





MACHINE DESIGN—November 1952 








Ma 






Pew 

at 
117 
sly, 


ch- 
ro- 


ys- 
n- 


oT, 





952 











I 





NEW PARTS 


ILLUMINATED PANEL METERS 


Design: Miniature D’Arsonval 


. «- combine small size and accuracy 


nternational Instruments Inc., P.O. Box 2954, New 
Haven 15, Conn. 


Externally mounted minia- 
ture aircraft lamp illumi- 
nates translucent plastic 
scale through small sealed 
window in back of meter 
case. 





Designation and Size: 150 is 1.688 in. diam, mounts 


in 143 in. diam hole, weighs 1% 0z; 153 is 1.750 in. 
square, mounts in 14 diam hole, weighs 1% oz. 


Service: Dc microammeters, 0-100 to 0-500; dc milli- 


ammeters, 0-1 to 0-500; dc ammeters 0-1 to 0-15; 
de millivoltmeter, 0-50; de voltmeters, 0-1 to 0-500, 
resistance, 1000 ohm per v; ac voltmeters, 0-1 to 
0-500; accuracy +3% on dc meters, +5% on ac 
meters. 

type movements in 
black, anodized aluminum cases; 1.322 in. scale 
length; left-hand zero; translucent scale illuminated 
by externally mounted 6, 14 or 28 v aircraft lamp; 
solder lug type terminals; not magnetically shielded; 
153 meters are watertight; 150-W also available 
watertight; ac meters have self-contained rectifier. 
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ROTATING LIMIT SWITCH 


Designation: L-3464. 
Size: 5% in. wide, 4% in. deep, 








11 
. . . designed for precise adjustment 


Furnas Electric Co., 1045 McKee St., Batavia, Il. 


— 


Contact point adjusting 
screws make precise adjust- 
ment of the contact opening 
time possible. 





6% in. high. 


Service: For limiting travel of rotating parts of ma- 


chines or equipment by breaking contact at the end 
of a predetermined number of shaft revolutions (34 
max—2 min); 2 normally closed contacts rated 3 
amp at 110 v ac, 1.5 amp at 220 v ac, 0.2 amp at 
115 v de with 5 mfd condenser, 0.1-amp at 230 v 
de with 0.5-mfd condenser. 


Design: Worm gear mounted on a shaft extending 


through the switch case drives two cams, each of 
which engages a contact arm to open a circuit at 
the end of a preset number of shaft revolutions; 
adjustment is made by changing relative position 
of cams, one of the cams being spring-loaded and 
equipped with an indexing-pin which can be placed 
in any one of 32 holes in the gear body, and by con- 
tact adjusting screws which permit precise adjust- 
ment of contact opening points. 
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NYLON-LINED BEARINGS 10 


..» permit dry operation 


homson Industries Inc., Manhasset, N. Y. 


Free-floating nylon liner al- 
lows close fits, so that al- 
lowance for expansion due IN 


to temperature changes is 
not necessary. a 


Designation: Thinwall Nylined. 
Size and Service: Bearings can 


operate submerged in many liquids; can also op- 
erate dry at high speeds with light loads; 250 F, 
max. recommended operating temperature. 


Radial Load Capacity 


Bearing ID oD Length Static 3000 rpm 
(in.) (in.) (in.) (Ib) (Ib) 
4N6 4 4} ay 145 18 
5N7 ts Ys Ts 225 21 
6N8 uy, Wy, 325 25 
8N8 \, Se le 435 25 
1ON12 by % % 900 43 
12N12 % % % 1010 43 
14N12 % 1 % 1260 43 
i6N16 1 1% 1 2000 52 
18SN16 1% 1% 1 2260 52 
20N16 1% 1% 1 2500 52 


Design: Bearing is thin drawn-steel outer sleeve and 


free-floating Du Pont FM 10001 Nylon liner; ends 


Designation: Hydromotor. 
Service: Actuating reciprocat- 





RECIPROCATING ROTARY ACTUATOR 12 


. . - operated by air, oil or other fluids 


Hydromotor Div., Bonnot Co., Canton 2, O. 


Available in wide range of 
capacities giving equal force 
in either direction of rota- 
tion. 





ing devices; maximum ro- 
tation, 100 deg (double-vane 
type) or 280 deg (single- 
vane type); operates between —40 F and 260 F: 


Rated torque* (Ib-in.) at Given Supply Pressure 


Model 100 psi 200 psi 400 psi 600 psi 800 psi 1000 psi 
3-2 150 300 600 900 1200 1500 
3-4 300 600 1200 1800 2400 3000 
3-6 450 900 1800 2700 3600 4500 
6-3 1000 2000 4000 6000 8000 10,000 
6-6 2000 4000 8000 12,000 16,000 20,000 

10-5 5000 10,000 20,000 30,000 40,000 50,000 

10-8 7500 15,000 30,000 45,000 60,000 75,000 

10-1 23,000 46,000 69,000 92,000 115,000 


2 11,500 








*Single-vane type; torque is doubled for double-vane type. 


Design: Reciprocating single or double-vane hydrau- 


lic motor; single and double-vane shafts are inter- 
changeable in same housing; standard SAE splined 
shafts, other types available; specials available for 





of sleeve are turned inward to retain liner; compen- temperatures above or below standard; foot or 
sating gap in liner allows circumferential expan- flange mounting. 
sion or contraction with no change in bore diameter. 
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NEW PARTS 


KNEE-ACTION CASTERS 
. . . use standard make wheels 
All Steel Welded Truck Co., Rockford, Iil. 


Knee-action design elimi- 
nates shimmy or fish- 
tailing by keeping wheel 
in constant contact with 
the floor. 


Designation: Clark Duoflex. 

Size: 6, 8, 10, 12 in. wheel diam. 

Service: Any application where conventional caster 
is used; capacity, 50 to 1800 lb per caster; mini- 
mum wheel deflection is 4% of wheel radius; damp- 
ing or shock absorbing action is proportional to 
shock and load, keeps wheels in contact with floor 
at all times. 

Design: Arc-welded mild-steel box construction com- 
pletely encloses knee-action springs; springs have 
accelerated loading characteristic which is equivalent 
to having light springs for light loads and heavy 
springs for heavy loads; lifetime-lubricated oil-im- 
pregnated porous bronze bushings; standard wheels 
of any make may be used. 
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SEALED TOGGLE SWITCH 15 
. .. unaffected by temperature changes 


Micro Switch Div., Minneapolis-Honeywell Regulator 
Co., Freeport, Iil. 


Operating characteristics are 
unaffected by changes in at- 
mospheric pressure or tempera- 
ture, or corrosive atmosphere, 
dust, dirt, oil or water. 


Designation: 5AT1. 
Size: 113 in. long, j-in. wide, 
214 in. high; mounts in %-in. 
diam hole; weight, 0.2 lb; 
Service: 
Load Voltage Current 
(v) (amp) 
Og sce race Sresenede ese ceaweages 30 5 
ND GD noe ce dn bn cde cectcodeseecces 30 10 


BOS: GD a vena oc 06 6tv0 esas seccecuces 30 25 
Any ac ..... eseeee 125 1 


Design: Single-pole, double-throw  toggle-actuated 


switch with normally-open and normally-closed con- 
tact; can also be used as normally-open or normally- 
closed single-throw switch; switch is an assembly 
consisting of Catalog No. 1HS1 switch designed for 
aircraft use and toggle actuator. 
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PILLOW BLOCKS 14 


. . - permanently lubricated and sealed 
Dodge Mfg. Corp., Mishawaka, Ind. 


High radial and thrust 
load capacities, and stam- 
ina to withstand heavy 
shock loads are features. 


Designation: Dodge-Timken 
All-Steel. 
Size: 
Shaft diam Width 
(in.) in. (in.) (in.) 
,3 b 12% 61% 
14% 7% 
15% . 
18 9% 
19% 9% 
21 A 10% 
23% 11% 
26% 12% 
30% 1314 
34% 14% 
38% 15% 


Service: Supporting up to 10 in. diam rotating shafts; 
self-aligning bearings allow 3 deg shaft misalign- 
ment or %-in. total shaft movement at 12 in. dis- 
tance from center of bearing. 

Design: Pillow blocks incorporate self-aligning, double- 
row Timken tapered roller bearing; bearing may be 
either expansion or nonexpansion type; double pis- 
ton-ring seals; shipped fully assembled, adjusted and 
lubricated. 
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RECORDING THERMOMETERS 16 
... record temperatures to —200 F 
Dickson Co., 7420 Woodlawn Ave., Chicago 19, Iil. 


Available in a variety of 
ranges, these recording ther- 
mometers provide accurate 
temperature records. 


Designation: NR. 


Size: Recorder, 12 in. diam, 
weighs approximately 10 lb; 
bulb, %4-in. diam, 11 in. long. 

Service: Recording tempera- 
tures over following standard 
ranges; 
Chart Chart Chart 
No. Range Ss No. Range 

(deg F) (deg F) (hr) 

2316 —200 to + 150 2300 —100to 0 24 
2316 —150to +200 : 2306 -7to+ 70 4 
2315 150to +100 =. 2308 - 20to +120 24 
2315 —100to +150 2 2309 — 20to +120 168 
2307 —150to 0 

Design: Bourdon-tube type recording thermometer, 
large brass bulb, which assures maximum heat trans- 
fer, is placed in cold chamber; connection between 
bulb and bourdon tube is 8 ft armored stainless steel 
tube, longer lengths available; synchronous electric- 
clock chart drive; special spring drives also avail- 
able; recording instrument enclosed in aluminum, 
rubber-gasketed case finished in dark-gray ham- 
mered finish; also available as 6 or 8 in. diam indi- 
cating thermometer. 


Chart 
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NEW PARTS 


| INDICATOR LIGHT 17 
| ... for edge-lit panels 


Hetherington Inc., Sharon Hill, Pa. 





This light weighs only 4-oz. 





Designation: Type L2000. 

Size: 144 in. overall length; weight, 4-oz. 

Service: As indicator light for edge-lit AN-P-89 air- 
craft panels; 6, 12, or 28 v operation with 327 minia- 
ture lamp. 

Design: Nickel plated brass finished in black to match 
standard panels; light flange-mounts on backup 
plate and socket extends through the edge-lit panel; 
lens, of amber, blue, green, red or white, screws into 
the socket from front of panel; molded-in terminal 
will not vibrate or pull loose. 
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RAINTIGHT SWITCH 





19 
. . - for outdoor installation 


Federal Electric Products Co., 50 Paris St., Newark 


5, N. J. 


Front operating handle per- 
mits close ganging of these 
switches. 





Designation: Type A. 
Service: Outdoor switching; 2 to 5 poles; 30, 60, 100 


and 200 amp; 115, 125, 230, 250 v ac; 125, 230, 250 
v de. 


Design: Single throw, 2 to 5 pole switch in raintight 


enclosure; switch mounted on front of enclosure; 
“stay-up” cover easily secured in horizontal posi- 
tion to facilitate inspection or servicing; arc muf- 
flers on 100 and 200 amp, 250 v switches; box may 
be padlocked to prevent tampering; fuses are easily 
removed and inserted; adequate knock-outs are pro- 
vided; special weatherproof finishes available. 
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MINIATURIZED PLUG-IN AMPLIFIER 18 


... weighs only 4.5 ounces 


L & O Research and Development Corp., 315 S. 15th 
St., Philadelphia 2, Pa. 


Though light and small, 
this amplifier delivers ap- 
proximately 3 w power 
output. 





Service: Driving servomotors where space is at a pre- 
mium; open loop gain approximately 100,000; de- 
livers approximately 3 w; requires 300 v 35 ma 
plate supply and 6.3 v at 1 amp for filament; any 
desired gain can be had by proper selection of feed- 
back resistor. 

Design: Plug-in ac feedback amplifier; uses two pent- 
ode voltage amplifier tubes and one beam power 
output tube; models available with either current 
or voltage feedback; uses JAN components; has 
Dzus fasteners for quick installation and removal; 
can be supplied singly or any number in standard 
chassis with 110 v 400 cycle power supply to meet 
MIL-C-7452, MIL-P-11268 or AN-E-19 specifications, 
or with 110 v 60-cycle power supply for bench or 
industrial use. 
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TUBING HARNESS 20 


... carries bundles of instrument tubing 


Samuel Moore & Co., Dekoron Tubing Div., Mantua, O. 


Tubing is impervious to at- 
tack by moisture or cor- 
rosive atmospheres. 





Designation: Impervak Poly-Cor. 
Size: 4, 7, 10, 14 or 19 tubes, each %4-in. OD by \%- 


in. ID; ;;-in. thick sheath; 500 and 1000 ft coils. 


Service: As instrument or control lines; will carry 


standard instrument line pressures; tubes and sheath 
are not harmed by acids, alkalies, moisture or cor- 
rosive atmospheres. 


Design: Bundle of polyethylene tubes over which black 


polyethylene plastic sheath is extruded; individual 
tubes are color coded for easy identification; har- 
ness is flexible enough to bend around corners, but 
sufficiently rigid and light to require few support- 
ing brackets; lengths joined with pressure-tight fit- 
tings, requiring no tools for assembly. 
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NEW PARTS | 


MOLDED NYLON GEARS 21 GREASE FITTINGS 23 81 
. .. available as stock items . . - flush-type with ball check 


Nylomatic Div., John A. English & Co., Morrisville, Pa. Universal Lubricating Systems Inc., 672 Allegheny Ir 
Ave., Oakmont, Pa. 





Lower cost than compar- 
able metal spur gears is 
claimed. 


Possibility of knocking off 
this fitting with a chance D 
blow or collision is mini- ; 
mized. 


i? a. | 


Size: \%-in. face; 
Teeth —Hole Diam— Teeth —Hole Diam— Designation and Size: 
(in., (in., (in., (in., Length Thread Part Length Thread 
(No.) stock) max)* (No.) stock) max)* No. (in. ) (in., pipe) No. (in.) (in., pipe) 
12, 14 4 3a 28, 32 % % ] B 29107 ts M4 
16, 18,200 Me 36, 40, 48,56 % 3 ts* 29201 ul ‘s P 
24 hy rs 60, 64, 72, 80 A Sy siqubaminanmanens 
*Not threaded—diam for force fit. tScrew-driver slot. 


*Not in stock, but can be produced from stock molds on short . . . . 
notice. Service: Grease lubrication without oil or grease leak- 


, ‘ essure; free flow, since passage 

Service: For light loads; operate quietly; allow rela- icon tell ok cane an fullest y Alec Ba is A hate 
tively large tolerance in center location. , passage through bottom of fitting; offers little ob- 

Design: Injection-molded nylon spur type, 48 diametral struction or opportunity for collision and minimum 
pitch, 14% degree pressure angle; gear-pinion com- chance of being damaged or knocked off. 


binations also available. Design: Flush type ball check. 
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CENTRIFUGAL CLUTCH 22 | FLOWMETER 24 
. . - provides adjustable, automatic cut-in .. + for accurate flow measurements 


Farm-Easy Products Inc., 1208 E. Centennial Ave., Minneapolis-Honeywell Regulator Co., Industrial Di- 
Muncie, Ind. vision, Wayne and Windrim Aves., Philadelphia 
44, Pa. 


Having less than a dozen ae 
parts, this clutch is ad- ae, ne Accurate measurement 
justed by moving clutch- i. and recording of flow 
band tension spring. ie of liquids or gases at 
temperatures of —269 
C to +1200 F, and pres- 
Designation, Size and Serv- sures up to 20,000 psi, 
ice: For automatic load SJ 4 are possible. 
cut-in at predetermined 
speed; provides “load-free”’ 
starting of gasoline en- Designation: Potter-Brown. 
gines; lightweight, minimizing shaft deflection; re- Size: Sensing elements, 3% to 6 in. dia. 
leases automatically before stall speed; Service: Measuring and recording flow of liquids and 
Specification gases, including toxic, highly corrosive and viscous 8 
liquids, at temperatures of —269 C to +1200 F and 
a oe + “ _s pressures to 20,000 psi; measures flow from 0.09 S 
Pulley Size* , 3%, 3,3%, 3 7 to 4000 gpm; sensing element can be mounted hori- 


Max Torque (lb-ft) é 15 23 zontally or vertically. 
Cut-in Speed (rpm) 1000-1200 . . P P : 
saabelaigaainaal Design: Sensing elements, designed for installation 


*Single groove (multiple pulleys available). flow line, have pickup coil mounted on the outside, D 
Design: Automatic centrifugal; at cut-in speed, cen- and rotor with internally mounted permanent mag- 








trifugal force expands clutch band to engage drum; net; rotor spins at a rate proportional to flow vel- 
cut-in speed is adjustable by adjusting band ten- 
sion spring, which normally holds clutch out of en- 
gagement; attaches with 1 or 2 set-screws and key- 
way to shaft of any standard 4-cycle gasoline en- 
gine; AB-section V-belts; Oilite bearings, or stand- 
ard ball or roller bearings, special. 


Application: Portable power saws and mowers; con- 


veyors; cement mixers; winches; motor scooters; 
garden tractors; pumps. 
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ocity, inducing an alternating voltage in the pick-up 
coil; venturi design of rotor causes it to float be- 
tween upstream and downstream guide bushings, 
reducing friction; voltage induced in pickup coil 15 
conducted to electronic converter which converts the 
alternating voltage to direct voltage; direct voltage 
is fed to potentiometer for measuring and recording. 
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NEW PARTS 


ZINC COATING 25 
.- + may be dipped, sprayed or brushed 


Industrial Metal Protectives Inc., 401 Homestead Ave., 
Dayton, O. 






Withstands atmospheric, subsoil and underwater 
corrosion, and abrasion. 


Designation: Zincilate 100 and 300. 

Form: Liquid vehicle and powdered pigment. 

Service: Protecting iron and steel from corrosion; 
coating is unaffected by gasoline, kerosene or other 
petroleum products; withstands hot water to 150 F 
and air temperatures to 600 F; unaffected by mild 
acids or alkalies; color coats may be applied as 

ad final finish; 100 covers 400 to 550 sq ft per gal, 

™ No. 300 covers 600 to 800 sq ft per gal. 

Properties: Neutral gray-colored liquid, when mixed, is 
applied like paint; 100 must be baked, 300 is for 
air drying. 

ik- 

ge 


»b- 
im 
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HEAT EXCHANGER TEE 27 
. . - for jacketing of fluid lines 
Crawford Fitting Co., 884 E. 140th St., Cleveland 10, O. 


Available in a variety 
of materials and sizes, 
this tee has numerous 
applications in labora- 
tories and process in- 
dustries. 





Designation: Swagelock. 

Size: Process line tube—% to %-in. OD; jacket tube 
—% to 1in. OD. 

Service: Connecting concentric jacketing tubes for cool- 
ing or heating; usable over a wide range of tempera- 
tures dependent upon material of tee and heat ex- 
change media. 

Design: Tubing tee which is bored to allow small tub- 
ing to pass completely through the jacketed end; 
available in brass, aluminum, steel, stainless steel 
and monel; uses double-ferrule principle, no flaring 
or other preparation of tubing necessary. 
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4 | HERMETICALLY SEALED RELAY 26 
... is not damaged by 125g shock 


. Electrical Products Corp., Relay Div., 1100 N. Main 
St., Los Angeles 12, Calif. 








SYNCHRONOUS INVERTER 28 


... operates from 0 to 3500 cycles 
The Bristol Co., Waterbury 20, Conn. 





ia 
Armatures of such low 
mass that their me- 
chanical response is 
os : practically instantane- 
Weighing 4.8 oz, this relay ous allow this inverter 
is claimed to be one of the to operate up to 3500 
= lightest available for its cycles. 
: rating. 
Designation: Syncroverter Switch. 
Size: 2% in. high, 25 in. diam. 
: i 7 Service: Converting dc signals. as small as 0.05 mu 
i ar? AS peal a , v to ac at frequencies as high as 3500 cycles per 
s | : 2y~ in. by 143 in. by 1y% in.; 2% in. between sec; ac then can be transformed or amplified and 
i mounting hole centers; weight, 4.8 oz. applied to electronic, electrical or servo systems; 
) Service: Rated 10 amp at 28 v dc or 115 v 400-cycle dissymmetry is less than 0.5%; vibration and shock- 
y ac; shock, vibration and acceleration resistant; free proof. 
of resonance over a range of 5 to 200 cycles per Design: Synchronous inverter in hermetically sealed 
Sec in vibration tests; withstands 125g shock. can; low-mass armatures; can also be furnished with 
Design: Double-pole, double-throw relay using rotary two independent sets of single-pole double-throw 
armature which has been AN approved in larger contacts. 
. 4 enclosures; design to meet MIL-R-6106 specification; 
hermetically sealed. 
| 
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NEW PARTS 


THERMOSETTING PLASTIC 29 
. .. will not bleed when immersed in water 


Plaskon Div., Libbey-Owens-Ford Glass Co., 
Toledo 6, O. 


Low cost is one of the features claimed. 


Designation: Black 107, Brown 120. 

Form: Granulated molding material. 

Service: Molded plastic has high dielectric strength 
and arc resistance; highly resistant to grease, oil 
and solvents; withstands temperatures to 170 F. 


Properties: Thermosetting urea plastic; tasteless, odor- 
less and inert; no pigment bleeding in water; low 


rate of water absorption; light-fast; 
Are resistance (sec).. 85-95 
Loss factor 
at 60 cycles....... 0.28-0.45 
at 10 cycles ...... 0.19-0.28 
9. Compression strength 
3 (psi) .......... 25,000-35,000 
Tensile strength 
05 MD Sen06 eee 
04 Flexural strength 
(psi) .......... 10,000-16,000 
Impact strength, Izod 
(ft-lb perin. notch) 0.25-0.35 


Applications: Lighting fixtures; food machinery; re- 


frigerator hardware; electrical devices; electrical 
components and housings. 


Dielectric strength (v/mil) 
short time, \%-in. 300-400 
step by step, %-in, 250-300 

Dielectric constant 
at 60 cycles ... 0 
at 10° cycles .. 4 

Dissipation factor 
at 60 cycles.... 0.040-0. 
at 10° cycles .. 0.030-0. 


5000-10,000 
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MINIATURE CONNECTORS 31 
. .. use nylon insulation 


Cannon Electric Co., 3209 Humboldt St., Los Angeles 
31, Calif. 


Suitable for rack and 
panel mounting, these 
connectors may also be 
used as plugs. 


Designation: Series D. 


Size: DA-15 (15 contacts), 
143 long, 34 wide, weight 
0.027 Ib; DB-25 (25 contacts), 2¢; long, #4-in. wide, 
weight, 0.054-lb; DC-37 (37 contacts), 243 in. long, 
#i-in. wide, weight, 0.070-lb; DD-50 (50 contacts), 
256 in. long, #f-in. wide, weight, 0.075-lb. 

Service: For making as many as 50 electrical con- 
nections; takes No. 20 AWG, B & S stranded wire; 
rated at 5 amp per contact; flashover voltage, 1414 
v de, 1000 v 60-cycle ac (rms). 

Design: Subminiature connector; steel shell has 
strength comparable to usual aluminum shell and 
lighter weight; FM-10001 Nylon insulator with high 
dielectric strength makes the use of many contacts 
in small space possible; keystone shape of con- 
nectors prevents mismating of connectors; junction 
Shells available, permit use as movable cord plugs; 
contacts are copper-base alloy, gold plated. 
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TOGGLE SWITCH ASSEMBLY 30 
... 12 switches may be operated by one lever 


Micro Switch Div. of Minneapolis-Honeywell Regulator 
Co., Freeport, Ill. 


Twelve switches complete with 
actuator weigh only 6.5 oz. 


Designation and Size: Length, 2% 
in., mounting hole diam, 43-in. 
for all assemblies; 


No. of Lever Width Height Weight 
No, Switches Positions* b (oz) 
4AT4 4 M,M 4.0 
4AT5 4 NM, NM . 
4AT6 4 M, NM 
TAT4t 6 M, M 
SATIt 8 NM, NM 
10ATIit 10 NM, NM 
Specialt 12 NM, NM 


*M Maintained; NM—Not maintained. ftAvailable as specials 
in all other lever positions. 

Service: Individual switch ratings—10 amp at 30 v 
de resistive, 10 amp at 30 v dc inductive at sea 
level; 6 amp at 30 v dc inductive at 50,000 ft; 10 
amp at 125 or 250 v ac inductive or resistive. 

Design: Micro switches with toggle actuator; basic 
switch is small snap-action SPDT with beryllium 


copper spring, silver contacts and heavy-gage brass ~ 


screw terminals; median life of 52,000 ~perations 
tents in both extreme positions also save center 
detent; if only one or neither extreme lever posi- 
tion is detented, lever is self-returning to neutral. 
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MINIATURIZED DC RELAY 32 
. . . Weighs only three ounces 


Radio Corp. of America, RCA Victor Div., Tube Dept., 
115 S. Fifth St., Harrison, N. J. 


Inert-gas filled and hermet- 
ically sealed, this relay is 
said to give long and re- 
liable service though sub- 
jected to extremes of tem- 
perature, humidity, shock, 
and vibration. 


Designation: RCA-203W1. 

Size: 132 in. diam plus §j-in. for mounting lugs; 1% 
in. high; 17% in. center to center of mounting studs; 
weight, 3 oz. 

Service: Withstands 50g acceleration for a period of 
10 millisec, vibration of 0.06-in. amplitude and 10 
to 55 cycles per sec for a period of 2 hr; life of 
100,000 operating cycles at 12 cycles per min with 
rated load; 

Ambient temperature range + 85 C 
PUSTERGE GS GHOTREENE GOTURED 6 cc cccccc cc ccccccscces 26.5 ¥ 
Maximum dc pull-in voltage 18.0¥ 
Maximum dc drop-out voltage ...........sceeecceeeeeess 13.09 
Resistive load per contact at 26.5 v.............eee-e++++ 2 O00 
Inductive load per contact at 26.5 v..............-+++--- 1 amp 
De coil resistance at 25 C ..... 2... cece ee eeeeees 230+10% Ohm 
ee Ge I, CI no i wh. ctlnnseddcctvncecs ceees 0.070 ohm 

Design: Six-pole, double-throw dc relay designed to 
meet MIL-R-5757 specification; has palladium con- 
tacts in break-before-make arrangement; can be 
operated in any position; hermetically sealed to pre- 
vent entry of dust and moisture, and to prevent 
corrosion. 
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BRONZE-ON-STEEL 
—copper lead 
STEEL BACK 
—babbitt lined 
BRONZE BACK 

B —babbitt lined 

CAST BRONZE 
ALUMINUM ALLOY 


= LEDALOYL 
§ —powder metallurgy 


SLEEVE BEARING 
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COMPROMISE 
FOR JUST 
A BEARING 





y BEARING” wil] Probably 
be a Johnson Sleeve Bearing, de- 
signed specifically for the application, 
There are several important factors 
involved in the selection of the correct 
bearing for any job... Principally 
service conditions. tating speed, 
temperatures, corrosive conditions, 
load, shock . . - all must be carefully 
considered. Since Johnson Bronze 
Produces al] types of sleeve bearings, 
uses all types of bearing metals, their 
engineers wil] give you unbiased 
advice and will] assist you in design- 
ing the correct sleeve bearing for 
your application. Write, wire or phone 
for an appointment with a Johnson 
Bearing Specialist. 


JOHNSON BRONZE COMPANY 
525 South Mill St. New Castle, Pa. 


SINCE 


bearing. 





| JOHNSON °YBEARINGS 


HEADQUARTERS 


1901 


NEW PARTS 


VARIABLE SPEED MOTOR 
. . « has flexible shaft control 


U. 8. Electrical Motors Inc., Box 2058, Los Angeles 54, 
Calif. 








33 


Control handwheel in- 
dicates motor speed, 
and may be located at P 
a distance from the wai 
motor. 





Designation: 5 VA. 
Size: 4, 4%, 42, and % hp. 


Service: Speed changing; speed ranges, 4 to 10,000 
rpm, ratio up to 10:1. 

Design: Variable speed electric motor incorporating 
variable pitch pulley and belt drive; drive controlled 
by flexible shaft which allows control handwheel 

to be located 5 ft or more from motor. 
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PHOSPHATE FINISH 35 
... Cleans and coats aluminum and steel 








Rossaul Co., 170 Fifth Ave., New York 10, N. Y. 











Removes light rust, tarnish and light oil, and leaves 
a phosphate coating. 


Designation: 57. 

Form: Liquid. 

Size: 13-gal carboys; 1 gal units. 

Service: Light cleaning of aluminum and steel, and 
deposition of white-gray phosphate coating as base 
for subsequent primer or color coat; alumina oxide 
surface, which protects aluminum, is not penetrated; 
applied by wipe-on or still-tank dip; still-tank dip 
requires precleaning of metal. 

Properties: Phosphoric-base; diluted to 25% solution 
for wipe-on application, 10% for dip-tank. 
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PIN FASTENER 34 


. . . now available in larger sizes 
Self Lock Fastener Corp., 259 Stephens St., Belleville, 
N. J. 
standard-duty has shear strength 
equal to solid pin of same diam; 
light-duty is for fastening unlike materials; can re- 


place tapered pins; require only drilled straight hole; 
may be inserted by hand or automatic machines. 


Design: Slotted dowel pin, of carbon or type 420 stain- 
less steel; blue-black oiled finish on carbon steel, 
bright gray on type 420 stainless steel; hardness— 
carbon steel, Rockwell 46-53C—stainless, Rockwell 
43-52C; chamfered on both ends for easy insertion; 
special materials—copper alloys, aluminum alloys, 
nonheat-treatable stainless steels; special finishes— 
cadmium or zinc plate, with or without postplate 
treatments; also available in smaller sizes. 


Can be used in place of tapered 
pins in tapered holes for lock 
fastening. 


Designation: Sel-Lock. 


Size: Standard and light-duty in 
0.312, 0.375 and 0.500-in. diam. 


Service: Lock fastening under 
shock and vibration conditions; 


For more data circle MD 34, Page 193 








TOGGLE SWITCH 36 
. . . cylindrical design reduces size 
Hetherington Inc., Sharon Hill, Pa. 





Twelve of these switches can be mounted in the 
space required for 9 conventional rectangular 
switches. 


Designation: T 1000. 


Size: 2, in. long, %-in. diam; weighs 1 oz; mounts 
in %-in. diam hole. 


Service: Rated 10 amp at 115 v ac, 20 amp at 28 Vv 
de (resistive load), or 15 amp at 28 v de (inductive 
load); operates at 50,000 ft altitude; will withstand 
50g shock; temperature range, —65 to +180 F 


Design: Single-pole double-throw switch, also avail- 
able as momentarily on, momentarily off, or on- 
momentarily on type; cam-roller type contactor 45- 
sures snap action and gives effective contact wip- 
ing; contacts are heavily silvered copper; insulating 
spacer prevents arcing between terminals; No. 6 
screw terminals used. 
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mty MERCASTING can make this as a unit! 





ROBLEM: 


| hree expensive machined parts were formerly required 
#10 get the necessary internal cavities for this valve body. 
gUse on an electronic tube evacuator made special 
Polerances necessary. After assembly by welding, 
Be-machining, and testing, a large part of the total 
production was rejected for failure to meet the rigid 
secifications of the manufacturer—Distillation Products 
Industries, Division of Eastman Kodak Company, well- 
known producer of high-vacuum equipment. 


) 





SOLUTION: 


DPI brought the problem to Alloy Precision Castings 
Company. Cooperating Alloy foundry engineers and 
metallurgists developed the pictured one-piece, 51/2-lb. 
mercasting of 303 stainless. The “as-cast” piece can be 
held to an average plus or minus .003 inch per inch 
0 certain critical dimensions. A comparatively small 
amount of finish machining is needed on valve seats 
and tapped holes. 


A- 6298 


ALLOY PRECISION 


2 
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*FROZEN MERCURY INVESTMENT CASTING 


SUMMARY: 


The illustrated mercasting is a better valve body easily 
produced in a more desirable material. Tremendous 
savings are effected through elimination or drastic 
reduction of special tooling, machining, waste material, 
and scrapped production. 
Send prints of your problem parts today. Learn 
how Alloy Precision can save you time and money. 


“ ALLOY PRECISION CASTINGS COMPANY, DEPT. B-3_ 
A 45th and Hamilton, Cleveland 14, Ohio BI 
4 Please RUSH Bulletin 706 describing the 
Mercasting Process. 





NAME 
TITLE 
COMPANY. 
ADDRESS 
city 
ZONE 























STATE 



















EQUIPMENT 











LEAD HOLDER 
. - - available with lead pointer 
Alvin Co., Dept. R, Windsor, Conn. 


Leads are easily sharpened by a few turns in pointer. 


Size: Lead holder, approximately 5 in. long; lead 
pointer, 2% in. high, 14 in. diameter. 


Service: For general purpose drafting; holder takes 
any standard size drawing lead; push-button lead 
ejection to desired length; pointer can be used with 
most standard lead holders, retains lead dust; 
pointer cutting blades are changeable. 


Design: Collet in holder grips lead firmly without tend- 
ency to shear or weaken lead; holder has hard rub- 
ber barrel, coil spring for lead ejection; supplied 
with or without pocket clip; pointer has four change- 
able knife blades, is made of black plastic. 
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PHOTOGRAPHIC PAPER 
. « » produces positives from positives 
Eastman Kodak Co., Rochester 4, N. Y. 


Reduced or enlarged positives may be made di- 
rectly from drawings or records with this paper. 


Designation: Kodagraph Projection Positive. 

Size: Rolls, 30, 36, 42 in. wide by 100 ft long; cheets, 
814 by 11 in. 

Service: For making positive paper prints; can be used 
in process camera for direct reduction positives from 
large drawings, in enlarger to. produce positive 
prints from positive microfilm records. 

Design: Prints are as legible as large drawings; re- 
quires special developer. 
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DRAFTING TABLES 38 


. .- in three all-steel models 


Stacor Equipment Co., 768-778 E. New York Ave., 
Brooklyn 3, N. Y. 


Four-post design with steel 

footrest provides firm sup- 

pores base for these ta- 
es. 


Size: Drawing surface, 36 x 60 in., 36 x 72 in., 42 x 
72 in; shallow reference drawer, 36 x 27% x 2 in.; 
tool drawer, 9% x 27 x 5 in. 


Service: Top is adjustable by use of 2 steel adjusting 
devices; shipped knocked-down. 


Design: Smooth-finish kiln-dried soft-wood top; three 
models, (1) with shallow reference drawer and lock- 
ing tool drawer, (2) with tool drawer only, (3) with- 
out drawers; Prestwood dust cover; steel frame, 
adjusting devices, and drawers; all models avail- 
able in the different board sizes; hard-baked grey- 
enamel finish. 
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PLASTIC TEMPLATE 40 
. . for hex-nuts and hex-head screws 
Rapidesign Inc., P. O. Box 592, Glendale, Calif. 


Cutouts are provided for draw- Se 
ing chamfercircles and flats, ee 
as well as hexagons, in six ele- ee 
vations. aK 


Designation: 121. 
Size: 8% in. long, 5% in. wide, 0.030-in. thick. 


Service: For general-purpose drafting or technical il- 
lustrating; covers 6 screw sizes from No. 10 to y% 
in.; yy-in. increments; 6 elevations—90, 60, 45, 30, 
15 and 0 deg; pencil allowance for accuracy. 

Design: 103 cutouts arranged so that hexes, chamfer 
circles and flats can be drawn for each size an 
elevation; cutouts are precision smooth; matte fin- 
ish plastic. 
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E RELAYS AT WORK—One of a series of advertisements on specific ADLAKE installations. 





HIGH PRECISION SOURC 


EVERY ADLAKE RELAY 
GIVES YOU THESE ADVANTAGES: 


® HERMETICALLY SEALED—Dust, 
dirt, moisture, oxidation and tem- 
perature changes can’t interfere with 
operation 


@ SILENT AND CHATTERLESS 


@ REQUIRES NO MAINTENANCE 
® ABSOLUTELY SAFE 


@ MERCURY-TO-MERCURY CONTACT 
—Prevents burning, pitting and 
sticking 





of serving the transportation 

Sy 

S ~ ond building industries 
WSS. . 











for assyfed sensitivity 


in spectro-chemical analysis 


year 

















MERCURY 


NITS USE Ad lake RELAYS 


Sensitivity is a feature of ARL’s High Precision 
Source Unit, which provides very high intensity dis- 
charges for the direct reading of the entire range of 
concentrations, with a high degree of reproducibility. 


And sensitivity, of course, is one thing for which 
ADLAKE Relays are famous. Sensitivity, coupled with 
complete dependability and maintenance-free opera- 
tion, makes them a natural for every exacting 
application. 


Whatever your relay problem may be, ADLAKE can 
help you solve it—either with one of the models in 
the wide ADLAKE line, or with a special design worked 
out specifically for you. Write The Adams & Westlake 
Company, 1128 N. Michigan Ave., Elkhart, Indiana, 
for full information. 


vue AOAMS & WeStlAKE commune 


Established 1857 ¢ ELKHART, INDIANA ® New York, Chicago 


Manufacturers of ADLAKE Hermetically Sealed Relays 
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EQUIPMENT | 


GRAPH PLOTTER 4] 
... records digital data at high speed 


Logistics Research Co., 141 South Pacific Ave., KRe- 
dondo Beach, Calif. 


Instrument is _ particu- 
larly suitable for use as 
read-out device for elec- 
tronic digital comput- 
ers, especially digital 
differential analyzers. 


= 


Designation: Logrinc. 

Size: 7% in. high, 12% in. wide, 25% in. long; plot- 
ting area, 12 x 18 in., continuous strip of 12 in. 
wide paper can alco be used. 

Sorvice: For plotting digital outputs; automatically 
plots one variable against another algebraically in 
incremental steps in response to electrical impulses; 
operates directly from sensing devices having digi- 
tal output; bidirectional movement on both axes; 
plots 20 steps per sec in all four direction=; step 
size, ¢y-in. with no accumulative error; self-contained 
power supply; electronic, external, remote switch or 
re‘ay control; instant manual pos:tion:ng of pen and 
drum; long-life ball point pen makes several car- 
bon copies or duplicating stencil; operates on any 
plane; power source, 110 v ac. 

Design: Independent action of x and y axes; input on 
4 terminals, +z, +y, —x, —y; preferred input from 
contacts of external switch or relay; stepping mo- 
tors drive axes through ratchets and pinion gears; 
motor couplings spring loaded to prevent backlash; 
removab'e motor units require no lubrication; spring- 
loaded pen cartridges available in different colors; 
automatic interlock prevents carriage overtravel. 
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OSCILLOSCOPE 43 
. - - has seven-inch viewing screen 


Teletronic Laboratories, 1835 W. Rosecrans Ave., Gar- 
dena, Calif. 


Picture tube is pro- 
tected by metal shield, 
reproduces waveshapes 
clearly and accurately. 


Designation: 101. 

Size: 10% in. high, 19 in. wide, 15% in. deep; we‘ght, 
approx 55 Ib. 

Sorvice: For general-purpoze laboratory work; verti- 
cal amplifier has 5 stage push-pull amplification, 
sensitivity of 10 mv peak-to-peak per in.; vertical 
sinucoidal frequency response, 0-200 kc within 10% 
down, 0-500 kc within 6 db down from max response; 
vertical expansion to 5 times fu-l sca‘e; kori-on‘al 
amplifier has 3 push-pull stages, censitiv-ty of 100 
mv rms; per in.; horizontal sinusoidal frequency re- 
sponse, 0-100 ke within 10% down, 0-300 kc within 
6 db down; horizontal expansion to 6 times; fu! 
screen diameter; linear sawtooth vo'tage prov-ded 
by time-base oscillator; retrace elimination; sweep 
range, 2-30,000 cps; synchron’zer a:sures steady 
sweep; functional grouping of controls. 

Design: Built in voltage calibrator for de and ac read- 
ing=; 1% tolerance resistors in all critical circu'ts; 
horizontal positioning control for select:ve v-ewing; 
steel cabinet finished in black wrinkle; black-finished 
panel with baked-on labels; bright chrome chassis; 
provision for standard rack mounting. 
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PRESSURE TRANSDUCER 42 
. .» has 1,000,000: 1 pressure range 
Beta Corp., P.O. Box 8625, Richmond 26, Va. 


Sensitivity of this device 
extends to sound pressures 
as low as 0.0001-psi. 


Designation: EK-3. 

Size: Overall length, 1%in.; 
barrel, 1% in. diam.; 
flange, 2% in. diam by \% in. thick. 

Service: For measuring fluctuat:ng or transient pres- 
sures over extended ranges of amplitude and fre- 
quency; frequency response with 2-ft cab‘e; flat 
within 3 db from 0.25-cp3 to 30 kc; pressure range, 
0.0001 to 100 psi; sensitivity, 250 mv per psi mini- 
mum; self-generat:ng; will with:tand up to 10 psi 
steady pressure without camage; operating p~es- 
sure Limits, 10 X frequency in cps for alternating 
pres-ures, 1/duration in second; for pulse pressures; 
temperature range, —20 to +60 C ambient; sensi- 
tivity at midband frequencies unaffected by cab‘e 
length. 

Design: Operation princ’ple makes u-e of stream:ng 
potential developed by polar liquid flowing through 
porous plug; output impedance, 100.000 ohms max; 
sen“itivity calibration, +2% at 25 C; linearity, 
within 1% over any 10 to 1 pressure range; re- 
ces-ed diaphragm protected by wire mesh; mount- 
ing, 3 flat head screws on 2 in. diameter c'rcle; 
available in different shapes with auxiliary equip- 


ment. 
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DIFFERENTIAL ANALYZER 44 
. - - Solves nonlinear differential equations 


Goodyear Aircraft Corp., Dept. 65A, Akron 15, O. 


One unit can solve 12th-order 
differential equations involving 
10 initial conditions. 


Designation: L3 GEDA. 

Size: Approximately 72 x 34 x 30 
in.; weight, 875 Ib. 

Service: For colv:ng ordinary ncn- 
linear differential equations or 
for studying boundary value 
problems and devices hav.ng 
static or coloumb friction, backlash, velocity, ac- 
celeration limiting, etc.; problem solution may be 
stopped and held when variable reaches preset level, 
when 2 variables become equal, or when computer 
element fails; automatic amplifier stabilizat.on, 
automatic error indication; all connecticns through 
removable problem board; units can be paralieied 
for complex problems; operation from front in stand- 
ing, sitting, remote pov-it’ons; 12 initial p-:o-l:m 
conditions; up to 165 independent parameter set- 
tings; power source, 105-125 v, 60 cycle, single phase. 

Design: 24 dc universal-computing amplifiers; 12 in- 
tegrating capac‘tors; low grid current and no-S¢; 
wide amplifier band width; front panel space for 
built-in auxiliary equ'pment; built-in precision volt- 
meter; easy access to all units for maintenance; re- 
inforced pla-tic problem board; cooling system; tip to 
36 scale-factor potentiometers; mobile. 
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ALEMITE 
LUBRICATION 
FITTING 
TN Wa 


Fae HERE! Available to designers and draftsmen 
for the first time! A handy, complete grouping of the 
most complete,line of fittings on the market. Gen- 
uine Alemite Lubrication Fittings .. . highest quality 
fittings from ‘the leader and pioneer in the field of 
lubrication! 

They’re here! Fully detailed. Easy-to-use. With 
every fitting illustrated actual size—complete with 
individual dimensions—ready for transfer to your own 
blueprints. No complicated cross reference charts or 
procedures are involved. 

Don’t delay! Important changes in fitting models 
and dimensions have been made. (Last year’s data 
sheets are no longer complete.) Act now. Send for 
your FREE copy of these newest, latest Alemite Fitting 
Data Sheets right away. Clip and mail coupon today! 


A-PRODUCT OF 


r owen ee 





v 
t 


' ALEMITE W 


STEWAAT 
2G us PAT OFF WARNER 
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PYROMETER 45 
. » « combined with dc millivoltmeter 
Thermo Electric Mfg. Co., 480 Huff St., Dubuque, Iowa 


This portable instrument has 
three scales calibrated in 
Fahrenheit, Centigrade and 
millivolts. 


Designation: 17, 35, 50. 


Size: Case, 7 in. wide, 9 in. 
long, 4% in. high; weight, 3 pa 
lb; thermocouple, 18 in. long. ee 

Service: For general purpose use in measuring tem- 
peratures or dec mv; thermocouple and leads per- 
mit readings up to 8 ft from instrument; accuracy 
within 1% of full scale deflection; approximate 
scale ranges for 3 models; 

———— Temperature ——— Voltage 

Model (F) ( (mv) 
Model 17 32-800 - 0-17.5 
Model 35 32-1600 - 0-36 
Model 50 32-2250 0-50 

Design: D’Arsonval type movement; Alnico V magnet; 
polished pivots; jewel bearings; automatic com- 
pensation for internal resistance changes due to 
ambient temperature variations; fluid thermometer 
beside meter indicates proper cold junction setting; 
thermocouple has welded tip, joins to lead wires in 
metal housing; thermocouple and lead wires of 
chrome-alumel; sturdy carrying case with detach- 
able cover. 


i 
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STOPCLOCK 47 
. . . with three-way timing control 


Andrew Technical Service, 3805 N. Clark St., Chicago 
13, 711. 


Rugged and durable, this low- 
cost instrument can be used 
for repetitive or accumula- 
tive timing. 


Designation: Durachron. 

Size: Dial, 4 in. diam. 

Service: Three-way timing control, (1) stop and go 
timing without return to zero, (2) conventional re- 
petitive-timing in which hand is stopped and re- 
turned to zero for new start, (3) snapback timing 
in which hand is returned to zero but motion is 
continuous without dead stop; stopwatch precision; 
large dial for easy reading; frees hands during tim- 
ing operation; sweep hand has 60-sec travel, record- 
ing hand has 60-min travel. 

Design: Spring-wound for portability; control lever 
at side stops and starts sweep hand and recording 
hand; stem at top is pressed to return both hands 
to zero; glass dial front; heavy metal case. 


For more data circle MD 47, Page 193 








OSCILLOGRAPH 46 
..» has direct reading voltage scale 


Allen B. Du Mont Laboratories Inc., Instruments Div., 
1500 Main Ave., Clifton, N. J. 


Built-in calibration system per- 
mits measurement of any por- 
tion of input-signal amplitude. 


Designation: 304-A. 

Size: 13% in. high, 8% in. wide, 
19% in. deep; weight, 50 Ib; 5 
in. screen. 

Service: For general purpose 
qualitative or quantitative os- 
cillograph analysis; operation 
parallels that of vacuum-tube voltmeter; minimum 
scan, +2 in. from screen center on both axes; maxi- 
mum ccan, 30 in. horizontal, 20 in. vertical; sensi- 
tivity, 25 peak-to-peak mv per in. maximum on y 
amplifier, 0.3 peak-to-peak v per in. on 2 amplifier; 
measures 0-1000 v directly on illuminated, calibrated 
screen scale; astigmatism control; frequency re- 
sponse, less than 10% down-.at 100 ke or 50% down 
at 300 ke for both amplifiers; recurrent and driven 
sweeps of variable frequency 2-30,000 cps; extra- 
low-frequency sweeps possible; sync limiting on 
sweeps; power, 115-230 v, 110 w, 50-400 cycles. 

Design: Built-in calibration system; precision attenu- 
ator with resistors +1% accurate; flat-face cathode- 
ray tube; ac or de amplification; y amplifier input 
heaters are regulated; calibration lines, 5 per inch; 
balanced input provided to’ y amplifier; blue-grey 
metal cabinet with leather carrying handle: 


For more data circle MD 46, Page 193 





DATA ANALYSIS UNIT 48 
. . - facilitates handling of graphic data 


Telecomputing Corp., 133 E. Santa Anita Ave., Bur- 
bank, Calif. 


Graphic image is projected on 
glass screen and measured by 
manually operating handwheels 
to line up cross wires with de- 
sired points. 


Designation: Universal] Tele- 
reader. 
Size: 36 in. wide, 36 in. deep, 56 
in. high; wt., 500 lb; screen 
size, 12 x 24 in.; measures rec- 
ords 16 mm-12 in. wide, to 100 ft. in length. 


Service: Measures distances on all types of trans- 
lucent or opaque records; direct-reading illuminated 
scales on cross-wire handwheels furnish reference 
co-ordinates; measurements also in electrical form 
for automatic tabulation or computation; record 
projection magnifications of 2x, 4x, 11x with read- 
ing accuracies of 0.003, 0.001, 0.0004-in. respectively; 
adjustable record motion, % ipm-100 fpm forward, 
10-100 fpm reverse; hand and foot controls located 
for minimum fatigue; operates in normally lighted 
room; power requirement, 105-125 v, 60 cycles, 800 w. 

Design: Console cabinet; sloping prcjection screen of 
ground glass; dual illumination with mercury vapor 
lamps for opaque records, fluorescent lamps {for 
transparent records; cooling blowers; two orthogonal 
stainlers steel cross-wires mounted on independent 
pulley systems; aluminum; digital recorders and 
punched-card equipment available. 


For more data circle MD 48, Page 193 
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sdvertisement 


(nit Assemblies of Motor, 
speed Reducer and Brake 
Simplify Designs | 


Designers of motor-driven equipment 
which must provide for both speed 
reduction and a means of stopping 
the machine rapidly, find that it is 
frequently possible to simplify their 
product designs through the use of 
integral, compact assemblies of mo- 
tor, speed reducer and brake. 


























Space-saving is an important bene- 
fit, since the integral assembly is | 
considerably more compact than three 
separate units. Moreover, it is un- 
necessary for the designer to provide 
for means of coupling or assembling 
the units. 
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Adaptability to Varyi 
& etait nah ere say Whiting Engineers of Star-Kimble Gear-Brakemotors 


While the complete Gear-Brakemotor ons ° . . 
eS unit ensue, a very wide lati- @ Whiting Skip Charger shown in the photo works two shifts a 
tude is possible in selecting the in- . 

dividual components. Star-Kimble, ay, handling heavy charges of metal, coke and stone for the 
the manufacturer of this type of cupola. The Skip Charger must stop the load accurately and hold it 
motor, is prepared to supply a con- 


siderable range of motor ratings, positively. Equipment is subjected to intense heat and heavy con- 
traking torques and speed ratios. 










centrations of dirt in the air. 





It is the practice of many product 
designers merely to furnish Star- . 7 ene . ° ° 
Kimble with the details of service re- For tough service like that, Whiting powers its equipment with 


quirements. Star-Kimble engineers . . ° ege 
then design the complete unit ~ meet Star-Kimble Gear-Brakemotors, which have proved their ability to 


these requirements, with all parts : . . . . . 

bul to a together rae pe give years of service with little need for maintenance attention. The 
efficiently. From the standpoint of uick-actin ositive brake requires little or no adjustment; the 
the product designer, this procedure q & P “4 . J : 
has the advantages of simplifying his motor and speed reducer provide a high factor of safety for heavy 
own calculations, and also of estab- ° 
lishing unified responsibility for the overloads. AND . . . motor, brake and speed reducer are a single, 


functioning of the complete unit. 



















compact, well-protected unit. 





The braking unit used in these 
Gear-Brakemotors is the same de- 
sign employed in Star-Kimble Brake- 
motors supplied without the speed 
reducer feature. These Brakemotors 
have consistently proved their merits 
m every type of service calling for 
a stops and starts on a heavy duty 
cycle. 





For information on Star-Kimbie Brakemotors, with or with- 
out the speed-reducing feature, write for Bulletin B-501-A. 


-KIMBLE 


MOTOR DIVISION 
EHLE PRINTING PRESS AND MFG. CO. 
1 Bloomfield Avenue Bloomfield, New Jersey 












Further information is contained in 
Bulletin B-501-A, available from 
Star-Kimble Motor Division of Miehle 

ting Press and Mfg. Co., 201 
Bloomfield Avenue, Bloomfield, New 
Jersey. 
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rortact KAYDON or uastene 


4” BORE TO 120” OUTSIDE DIAMETER 


Special KAYDON Ball Bearings: 14.375” x 17.625” x 1.625” 


KAYDON-bearinged 
Lift Trucks pick up 
30-ton freight cars 


ee KAYDON Special Ball Bearings . . . with 
static thrust capacity of 120,500 lbs. each... 
help Automatic Skylift Giant Electric Trucks 
lift multi-ton loads smoothly, efficiently. Made 
by Automatic Transportation Company, these 
KAYDON-bearinged trucks live up to their claim to 
“lighten life’s loads.” They shoulder heavy re- 
sponsibilities without flinching! 

The precision of these bearings is vital to the 


steering ease of these powerful lift trucks. They 
support the heavily loaded trail axle wheels, for 
steering ease. Diametrical ball clearance is close- 
ly held. These special ball bearings are typical 
of the unusual designs KAYDON engineers create to 
help machine designers achieve their objectives. 

For dependable counsel on Precision Bearings 


and Needle Rollers, contact KAYDON of Muskegon. 


KAYDON Types of Standard and Special Bearings: 


Spherical Roller ¢ Taper Roller ¢ Ball Radial ¢ Ball Thrust 
e Roller Radial ¢ Roller Thrust ¢ Bi-Angular Bearings 


ENGINEFERIN G cORP. 








s ,. ®@ MICHIGAN 


... KAYOON 


PHRECESLSL ON || a, ee Fae AN D ROLLER BEARIN 
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ROTARY 


SEALS 





-FREE SHAFT SEALING “BUILT-IN” - 
|: | 





























; & 

: 

: 
3! 


ay 19 opgteoed, cig Ak reeVbe wd anh sobre. |” 


A diminutive size is sometimes deceptive—as in the dimensions 
of many interesting special adaptations of the ROTARY SEAL 
principle. As an integral part of a windshield wiper motor, for THE 

example, the Rotary Seal serves the important function of an air ROTARY 


trap under the hard continuous use to which the device is put. =. m 





Years of actual use have demonstrated that ROTARY SEALS is the original approach to 


are the best answer for difficult Shaft Sealing jobs of every @ practical solution of @ eni- 
versally troublesome prob- 


nature. Whether the specific application calls for an unusually | jem. Our booklet "SEALING 


small unit such as this, or a much larger and more elaborate oe ee | = 
design, our engineers can draw on exceptionally broad experi- We're glod ro pad rn 


ence to develop the exact answer. without obligation. 











ep Why not check on the possi- 
mechanical bilities of ROTARY SEALS 


THE seals mo — :, . 
pen for greater Certainty in Shaft Sealing in your equipment: 


SRST ARM aie dnige cuies more pric 
EAL —< 
4 ; I) We g i | 
x. ~~ shafts 
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Yours, with our compliments — Greene, 
Tweed’s 32 page reference book is the 
handy way to the right answer. Covers 
all phases of molded packing usage. 


Contains advantages and applications of 
varied types of molded packings . . . 
illustrations . . . selection data . . . clear- 
ance tables . . . recommended procedures 
for installation and maintenance and 
other helpful information for the design 
engineer. 


WRITE TODAY! 


packing mow performance into svery apphicati \ 


GREENE, TWEED & CO. voxru wasps. 





OF MACHINES 


Bacon Vulcanizer 
Mfg. Co., Oakland, 
Calif., has appointed 
D. G. Malcolm to the 
position of vice presi- 
dent of engineering 
and production. Mr. 
Malcolm graduated 
from Purdue Univer- 
sity in 1940 and 
joined the Allison 
Div. of General Mo- 
tors Corp. in Indian- 
apolis, where he 
served as calibration 
engineer, test stand ivy 
engineer, production 
foreman and on a D. G. Malcolm 
special assignment 
pertaining to methods and procedures. Following 
service in the Navy Mr. Malcolm became an instructor 
in engineering mathematics at Purdue and was later 
named assistant professor in this subject. He ob- 
tained his master’s degree in industrial engineering 
at this time. In 1948 he joined the staff of the Uni- 
versity of California as assistant professor of me- 
chanical engineering and since then has served as 
general chairman, Industrial Engineering Institutes; 
president, Society of Industrial Engineers; and vice 
president of the western region of the American In- 
stitute of Industrial Engineers. He is a member of 
Tau Beta Pi, Sigma Xi, the American Society of Me- 
chanical Engineers, the Society for the Advance- 
ment of Management, and the Americin Society for 
Engineering Education. 

o 


Lincoln Engineering Co., St. Louis, has announced 
the appointment of Carl H. Mueller to the position 
of director of engineering. Formerly assistant to the 
president in charge of product development, Mr. 
Mueller will now assume full charge of engineering 


and research. 
a 


Associate editor of MACHINE DesIGN for the past 
year, Elman R. Dunn has joined the Gardner Machine 
Co., Beloit, Wis., where he will be in charge of re 
search and development work on a long-range project 
of redesigning the company’s line of grinding m+ 
chines. Mr. Dunn served an apprenticeship and later 
was assistant machine shop foreman for the Cum 
berland and Pennsylvania Railroad Co. at Mt. Sav 
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age, Md. He then joined the engineering department 
of Landis Tool Co. in Waynesboro, Pa., where he 
worked as a designer, conducted experimental and 
research projects, assisted field service engineers and 
wrote service manuals. After leaving Landis, Mr. 
Dunn was chief engineer of Altens Foundry and Ma- 
chine Works Inc. in Lancaster, O. 


. 


William L. Ringland was recently named chief en- 
gineer, motor and generntor section of the power 
department of Allis-Chalmers Mfg. Co., Milwaukee. 
Mr. Ringland joined the company in 1935 and, after 
completing the graduate training course, was as- 
signed to the section which he now serves in his new 
capacity. Other appointments in this section an- 
nounced at the same time include that of J. F. Sellers 
as assistant chief engineer, L. T. Rosenberg as engi- 
neer in charge of ac design, and Chester Weilbaecher 
as engineer in charge of dc design. 

New assistant chief engineer at Allis-Chalmers’ 
Pittsburgh Works is William M. Terry Jr., who has 
been active in promoting the power transformer de- 
sign program at this plant for approximately three 
years. Mr. Terry fostered the development of the 
company’s Class H sealed dry type transformers and 
is active in the study and application of new insula- 
tions in transformer design. 






* 





Robert C. Dyrenforth has joined the engineering 
staff of The Parker Appliance Co., Cleveland. For 



















bas seven years Mr. Dyrenforth served as assistant chief 

Ini. @ °D8ineer for the Swartwout Co. and was also asso- 

on ciated with the Bailey Meter Co. for eight years. 

as . 

ve W. C. Jones has been appointed chief engineer at 

nce B the Bridgeport, Conn., works of Underwood Corp. 

In- Formerly chief product engineer in the company’s 

off Hartford, Conn., plant, he will now be in charge of 

fe Tt the engineering of accounting and adding machines. 

- Replacing Mr. Jones in Hartford is W. J. Gove, who 

for has worked in the computing machine and electric 
typewriter departments, tool designing, planning de- 
partment, and plant layout and in the standards en- 

- gineering department. Prior to his present appoint- 

| ment, Mr. Gove served for five years as quality en- 

oof gineer. 

he e 

ir. 

ng Five engineers recently received promotions at 





Worthington Corp., Harrison, N. J. John E. Lan- 
caster was appointed assistant chief engineer of the 
air conditioning and refrigeration engineering divi- 
sion. He joined the company in 1940 as a test assist- 
ant in the experimental test department and since 
then has served in the research and development de- 
partment as a test engineer, group leader, assistant 
Manager and acting manager. William C. Osborne 
has been appointed manager of the research and 
development department. He was formerly associated 
with the centrifugal engineering department as a re- 
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Radiator sections 
emerging from clean- 
ing machine after 
brushing on both sides 
| by two assemblies 

| of 12 Pittsburgh 
Brushes. 
















Pittsburgh Brushes 
can help you solve 
problems like these! 


Cleaning Narrow Spaces—National Radiator 
Company, Johnstown, Pa., cleans 30,000 radiator sections 
a week! To insure a perfect final finish, even the narrow- 
est spaces must be absolutely clean prior to assembly. 
Pittsburgh engineers were asked to design a brush that 
would reach these spaces and would fit National’s existing 
machine. Successful? National reports: ‘‘Pittsburgh Brushes 
do a better job of cleaning and are more economical.” 


Preparing Chills— at Continental Foundry & 
Machine Co., East Chicago, Indiana, chills used to cast 
iron rolls must be cleaned of the oxidized metal remaining 
from previous usage, as well as dirt and grease accumu- 
lated in storage. After experimenting with other brushes, 
Continental chose Pittsburgh because they “do the job 
better and stand up longer than any previously used.” 


Improving Original Equipment— The Sommer 
and Maca Glass Machinery Co., Chicago, Illinois, uses 
Pittsburgh Brushes in the automatic washing machines 
they manufacture. Brushes formerly used simply didn’t 
have the over-all density pattern needed. Pittsburgh engi- 
| neers studied the problem and designed a brush which 
Sommer and Maca approved “because of (its) denser 


bristle pattern and lower cost.” 







WRITE TODAY FOR FREE BOOKLET! 


Write today for a free copy of our booklet that 
shows, through actual case histories, how Pittsburgh / “G 
cuts brushing costs. Address: PirrsBukGH PLATE 
Grass Company, Brush Div., Dept. W-5, 3221 
Frederick Ave., Baltimore 29, Maryland. 


PITTSBURGH 
Yivere 


FrwerV) 


BRUSHES * PAINTS * GLASS * CHEMICALS * PLASTICS 


PITTSBURGH PLATE GLASS COMPANY 
































Constant and Variable Delivery 
Types ...0.25 gpm to 10 gpm... 
direct engine driven and motorized 
units. 










Capacities 3 gpm to 120 gpm. 
Standard models rated at 1200 
rpm... specials to 3600 rpm. 





% gpm to 130 gpm for working 
pressures to 1500 psi and operat- 
ing speeds to 2000 rpm. 





= PISTON TYPE FLUID POWER PUMPS 


Featuring continuous working pressures to 3000 psi and con- 
tinuous speeds to 3750 rpm, today’s STRATO POWER oil hydrau- 
lic Pumps (both constant and variable delivery types), afford 
special advantages for aircraft and other applications, The dual 
pressure Pumps incorporate remote oil pilot controlled pressure 
regulator. An electric modification provides selective pressure 
control and Pump unloading. These Pumps are self-priming and 
develop suction line pressures approaching 1" Hg. absolute and 
will also operate under conditions of high reservoir pressuri- 
zation. 


VANE TYPE FLUID POWER PUMPS 


A distinctive Dual Vane construction, which provides increased 
fluid delivery rates (even with extremely thin fluids), makes 
DUDCO Hydraulic Pumps and Motors the first single-stage vane 
type proven for 2000 psi operation. The minimum size and high 
efficiencies of these Pumps and Motors create new opportunities 
in the design of hydraulic fluid power systems for all types of 
industrial equipment as well as countless applications on heavy- 
duty machinery and ordnance vehicles. 


& GEAR TYPE FLUID POWER PUMPS 


A unique Four-Bolt design, which locates the assembly bolts 
within the area of greatest internal pump pressure, indorses 
HYDRECO Hydraulic Pumps for the heavy-duty required in 
equipment for the construction and materials handling fields. 
This Four-Bolt design provides the rigidity and stability that 
reduces distortion of housing parts and wear plates and insures 
against uneven wear and loss of overall efficiency in the face of 
extreme mechanical and hydraulic loads. 




































_ LIQUID HANDLING PUMPS 


Virtually any material that will flow through a pipe, including 
difficult viscous fluid, can be handled with meter-like volumetric 
accuracy with today’s KINNEY Rotary Plunger and Wide Angle 
Herringbone Gear Pumps. The Rotary Plunger Pump features a 
construction with no valves, blades, pistons or springs. The versa- 
tile line of Herringbone Gear Pumps includes models driven by 
timing gears with anti-friction bearings located outside the pump 


Plain or steam jacketed Rotating , : . gr 
Plunger or Heliquad Types 2 gpm chamber. Both types available with or without heating jackets. 


to 3360 gpm. 



















PUMPS 


There is only one principle which has been found suitable for 
Vacuum Pumps in all capacity ranges... that of the Rotary 
Plunger employed in KINNEY High Vacuum Pumps. First to use 
the oil-sealed Rotary Plunger, these Pumps develop absolute 
pressure readings of 0.1 Micron (0.0001 mm Hg.) or better. Alone 
or in combination with oil diffusion Pumps, they provide the 
answer to the most exacting high vacuum applications in the 


Single Stage and Compoundtypes, = electronic, processing and research fields. 
% HP at 2 cu. ft. per min. to 751 


HP at 1800 cu. ft. per min. 



















d € MOTORS, VALVES & CYLINDERS 


In addition to the complete range of Pumps described, there are 
equally important components... Hydraulic Motors, Valves and 
Cylinders... all available from a single source. DUDCO Hydrau- 
lic Motors, employing the remarkably efficient DUAL-VANE 
principle, with high running torques averaging 90% or more of 
theoretical at any speed down to nearly stalled and with smooth 
operation under load. Models rated from 9 to 720 in. lbs./100 psi 
for 2000 psi operation. HYDRECO Hollow Plunger Valves in 
single or multiple plunger units for controlling single, double- 
acting or telescopic HYDRECO Cylinders as well as other Hy- 
draulic Power Units...capacities from ¥2 gpm to 150 gpm and for 
operating pressures to 1500 psi. Relief Valves, Pressure Regula- 
- — tors, Flow Dividers and other special purpose Valves are avail- 
: able for nearly any type of Hydraulic circuit. 








The New York Air Brake Company and its affiliates provide a most comprehen- 
sive coverage of Pumps and related equipment for the needs of defense and 
industry. Here, in one organization, is ““Know How” teamed with advanced 
facilities and a tradition of precision and craftsmanship. Here is research and 
development dedicated to the constant improvement and the ever-broadening 
. service which hydraulic and vacuum equipment can contribute now and in 
! q the future. 














Catalogs and complete information on the Hydraulic Pumps, Motors 
and other components herein described are available on request. 


THE NEW YORK AIR BRAKE COMPANY 


420 LEXINGTON AVE., NEW YORK 17 


AFFILIATES: DUDCO DIVISION: * *HYDRECO DIVISION: * * KINNEY MANUFACTURING CO. 












S built-in’ 
design 
features... 


give you improved 
performance... 


‘QuesOY 


UNIVERSAL JOINTS 


Smooth, sensitive operation and optimum, long-lasting 
performance are yours for complete service satisfac- 
tion with LOVEJOY Universal Joints. 

Precision-built of high quality, heat-treated 
alloy steel and ground to infinite accuracy, they 
fully meet your most rigid job requirements. 





The painstaking design incor- 
porated in LOVEJOY Universal 
Joints is evident in these fea- 
tures: 


. Concentricity guaranteed to .001” 

2. Rivets ground flush with body for 
close-quarter work 

. Greater angle of operation 

- Maximum strength, minimum 
weight 

- No binding, backlash or inplay of 
pins 

- Exceed rigid requirements of 
Armed Forces 


Available in 13 sizes. 
Hub diameters 1/2 to 4 in. 
Bore diameters % to 2 
in. Lengths 2 to 10% in. 


Write now for Catalog 


Red's Sled M15 > 41:15 me elti 1a), ice aer 


5018 W. Loke St. Chicago 44, Ill. 


Also Mfrs. of Lovejoy Flexible Couplings and 
Lovejoy Variable Speed Pulleys 
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search engineer and design engineer. Norman L. Mey. 
erson, who joined Worthington’s research and devel- 
opment department in 1942, is now assistant manager 
of that department. Having served as test engineer 
and junior engineer in the experimental test, cen- 
trifugal engineering and research and development 
departments, Frederick C. Gilman has been appointed 
research engineer. T. A. Herman has been named 
assistant chief engineer of the reciprocating engineer- 
ing division. He joined the company as a test engineer 
in 1937 and became a design engineer in 1941. 
° 


Martin A. Edwards has been named manager of 
engineering of the X-ray department of General Elec- 
tric Co. in Milwaukee. Dr. Edwards, who has been 
engineering manager of the company’s general engi- 
neering laboratory in Schenectady, N. Y., succeeds 
William J. Fleming, whose appointment as general 
manager of the lighting and rectifier department in 
Lynn, Mass., was announced recently. 

7 


Appointment of R. R. Harrison as assistant chief 
engineer and Bruce MacDonald and B. E. McNay as 
senior project engineers was announced recently by 
The Rucker Co., Oakland, Calif. 


° 


Newly appointed to the engineering division at Mid- 
west Research Institute, Kansas City, Mo., are Rich- 
ard Fetter, electronics research engineer; Wickliffe 
B. Hendry and Samuel Zivi, senior mechanical engi- 
neers; Robert Miller, senior research mechanical en- 
gineer; and Walter Vorland Jr., mechanical engineer. 


T. H. Wickenden, vice president in charge of de- 
velopment and research of The International Nickel 
Co. Inc., was recently elected a member of the Weld- 
ing Research Council of the Engineering Foundation 


for a three-year term. 
. 


In expanding its research activities Aerovox Corp., 
New Bedford, Mass., has named Henry Taylor as as- 
sistant to the director of research and Peter P. Grad 
as technical director. Rex Nicholson has been appoint- 
ed research engineer, and Lenine Gonsalves has 
joined the research department in the capacity of 


electrical engineer. 
SJ 


Chief engineer in charge of research and engineer- 
ing since 1946, F. C. Messaros has been appointed 
vice president in charge of engineering by American 
Engineering Co., Philadelphia. 


¢ 


P. R. Mallory & Co. Inc., Indianapolis, has an- 
nounced the appointment of Victor Welge as associate 
director of engineering. Mr. Welge formerly headed 
the staff of the electronics and missile section of Con- 
solidated Vultee Aircraft Corp., San Diego, Calif. In 
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dectronic and mechanical engineering problems in 
the central engineering department and will assist 
in all administrative duties concerning engineering 
activities in the firm’s ten manufacturing divisions. 


+ 





Formerly special design engineer of the engine divi- 
sion of the National Supply Co. at Springfied, O., 
Vernon L. Durrstein has been appointed assistant 
chief engineer of the division. 


° 





Nesco Inc., Milwaukee, has announced the appoint- 








Ae ment of Cecil J. Schanz as chief engineer of methods 

ma and standards for all plants of the company. 

igi- ¢ 

eds Robert E. Sheahan recently joined the engineer- 

ral ing staff of The Parker Appliance Co., Cleveland, as 

” product development engineer. Mr. Sheahan has been 
associated with General Electric Co. in Cleveland and 
Bridgeport, Conn., and for the past ten years has 

ief § Served as design engineer for a variety of projects 

as § volving both GE products and military equipment. 

by . 

Chief engineer since 1946, John A. Cortelli has been 
elected to assume the additional duties of vice presi- 

g- | dent of engineering for Clark Controller Co., Cleve- 

h- & land. 

Te ° 

i- After serving for eleven years as head of the re- 

n- # search and development laboratories of Norton Co., 

T. § Worcester, Mass., Milton F. Beecher has retired as 
vice president and director. Wallace L. Howe, direc- 
tor of research and development, succeeds Mr. 

© If Beecher. 

el . 

j- 

n The New Departure Div. of General Motors Corp., 
Bristol, Conn., has reorganized its engineering depart- 
ment in order to broaden activities associated with 
research, engineering, development and application 

” § of instrument ball bearings. A special section has 

’ been formed which will be under the direction of 
Kenneth D. Mackenzie, assistant chief engineer. Mr. 

. Mackenzie was formerly assistant plant manager of 

f the division’s operations at Meriden, Conn. Raymond 


J. Lynch, also an assistant chief engineer, will be in 
charge of all other bearing applications. 


° 


John L. Young, vice president in charge of engi- 
heering for United States Steel Co., has been elected 
President of the Association of Iron and Steel Engi- 
heers for 1953. 


¢ 


Chief engineer of Stevens Mfg. Co. Inc., Mansfield, 
0., since 1950, Charles E. Mertler has been named 
Vice president in charge of engineering and develop- 
ment for the company. 
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The Kodak High Speed Camera is shown here recording 
on film what happens at the “break” of a relay. Elec- 
trical aspects, shown on an oscilloscope, are recorded 
simultaneously on the same film by means of a special 
attachment. 












When trouble is hidden in a blur of speed too fast to 

see, the cause is hard to find. Here’s the way to get 

the answer in a hurry without costly, tedious cut- 
and-try experimentation. 

With the Kodak High Speed Camera, you can 
take up to 3200 clear pictures a second on 16mm 
film. When projected at normal speed, the film 
shows action slowed as much as 200 times—makes 
visual analysis quick and easy. And the films are 

available for study over and over whenever you wish. 
This high speed “eye” is daily solving complex 
problems of design, production, and product per- 
formance—problems where usual methods of analy- 
sis would be slow and costly. One manufacturer 
projects high speed movies within two hours after 
they are taken—the solution to a problem is on the 
drawing board the same morning it is discovered. 
| We'd be glad to send you, with our compliments, a 
folder showing how this company uses the Kodak 
High Speed Camera so effectively. Eastman Kodak 
Company, Industrial Photographic Division, Roch- 
ester 4, N. Y. 


the Kodak 
HIGH SPEED ~ 


Camera 
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=) TRAILMOBILE = 
RADIUS ROD JOINTS 
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Look at the Trailmobile 
radius rod joint shown in 
close-up at the left. This 
Lord high performance 
center-bonded-rubber 
joint ..... 


1. Saves manufacturing 
and maintenance cost, 


2. Absorbs the shocks of 
braking-loads and road ir- 
regularities imposed on the 
radius rods, 


3. Provides necessary articulation. 


When axle inspections require re- 
moval or replacement of radius rod 
joints, a simple arbor-press opera- 
tion shortens loss of payload time 
and reduces actual repair cost. We 
invite you to avail yourself of our 
experience in designing and manu- 
facturing precision bonded-rubber 
parts. 





v 


20TH NATIONAL EXPOSITION OF 
POWER AND MECHANICAL ENGINEERING 
GRAND CENTRAL PALACE, 
DECEMBER 1-6 1952 


N. Y., BOOTH NO. 558 


LORD MANUFACTURING COMPANY e ERIE, PA. 


























Advertisoment 
Lord Bonded Rubber 
Improves Radius Rod Joint 
on Trailmobile 


















































































































































































Trailmobile, Inc. at Cincinnati, § | 
Ohio, believed that maintenance 
costs on their suspension systems 
could be reduced by redesign of the § 8 
radius rod rubber bushings. When § ©! 
their standard radius rod had to be § 
disconnected for maintenance of the § 
suspension, often it was necessary 
to replace a number of parts of the § ™° 
radius rod rubber bushing assem- § © 

i tor 
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Lord engineers worked with the I 
designers at Trailmobile to arrive at ™ 
a rubber joint design that permits § . 
making an almost limitless number sgt 
of disconnections of the radius rods § '" 
without requiring replacements of J __ 
the rubber joints, requiring only the 
time needed to remove the pin 
through the joint and bracket. The 
Lord Center-Bonded Joint, now . 
standard in new Trailmobile assem- \ 
blies, not only fully satisfied require- | 
ments, but did so with fewer and 
simpler parts, and at a cost lower 
than that of the unbonded rubber 
joint used previously. 
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Lord Design Now Used 

Now when it becomes necessary 
to remove the Trailmobile Radius § — 
Rod it is a simple, easy operation | 
to drive the pin from the hanger. § 1° 
When new bushings are necessary clos 
the old ones are pressed out and new Rea 

ones installed with an arbor press. tain 

Improvements of this nature are —_ 

being designed into a wide diversity the 
of automotive and industrial -“ er 
ucts as the result of cooperative ef _ 
forts of Lord Engineers and “the = 
Design Engineers of such product § ; 
manufacturers. Precision manufac- fo 
ture is the added ingredient which § *" 

que; 
gives Lord Engineering its hig’ val- Con 






ue to industrial designers. 
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jdvertisement 
lord Mountings Cut Service 
Costs on Ready-Power Units 
Used by Industry 


The most efficient mounting sys- 
tem for Ready-Power “Live Power” 
ynits necessitates the isolation of 
engine vibration, the accommoda- 
tion of frame twist and absorption 
of shock loads encountered in in- 
dustrial materials handling. 

Because of limited space the 
mountings must be sufficiently rigid 
to prevent excessive engine-genera- 
tor motion yet flexible enough to 
isolate engine vibration and absorb 
shock loads which seriously damage 
engine brackets, oil lines and other 
component parts. These shock loads 
are caused when industrial trucks 
bump into pallets or solidly packed 
storage areas or are operated over 
unusually rough and bumpy sur- 
faces, 






DuPont Neoprene is used as the 
base in the compound specifically de- 
signed by Lord to meet the deterio- 
rating effects of oil, gasoline etc. 
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This Lord mounting is designed 
for easy installation, no extremely 
close tolerances being involved. The 
Ready-Power representatives main- 
tain close contact with their equip- 
ment under all operating conditions. 
they report that the use of Lord 
minimizes maintenance 
and service formerly the result of 
shock and vibration. 

Further details on this and other 
successful handling of vibration and 
shock problems are available on re- 
quest from Lord Manufacturing 
Company, Erie, Pa, 


mountings 
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LOW-LIFT 





FORK 
HI-LIFT 


BURBANK, CALIFORNIA 
233 South Third Street 


DALLAS, TEXAS 


Building 
DETROIT 2, MICHIGAN 
7310 Woodward Ave. 


2EADY-POWER™ 





1613 Tower Petroleum 


NEW YORK 16, NEW YORK 
280 Madison Avenue 

































“Live Power Units” 


— Shock Mountings accom- 
plish two vital objectives in the 
delivery of “Live Power” generated 
as needed directly on the truck chas- 
sis of industrial fork trucks, tractors, 
cranes and locomotives by Ready 
Power Units. 


1. The upper Lord Mounting J-4497-2 absorbs the 
unusually high “g” shock loads encountered in indus- 
trial lift truck service ... At the same time it is rigid 
enough to prevent excessive engine motion due to these 
destructive shock loads. 

2. The lower member J-4591-1 is a rebound snubbing 
washer thicker than the sandwich section of the upper 
member J-4497-2. Precompression thus allows variable 
bracket thickness of plus or minus 1/16 inch. Thus the 
Lord Mountings serve the dual purpose of 

the vibration and the multiple shocks to which Ready- 
Power units are subjected in powering the heavy tools 
of industry. You can profit by Lord experience in the 
control of vibration and shock. Write or call ... 


PHILADELPHIA 7, PENNSYLVANIA DAYTON 2, OHIO 


725 Widener Building 238 Lafayette Street 


ERIE, PENNSYLVANIA 
1635 West 12th Street 


CHICAGO 11, ILLINOIS 
$20 N. Michigan Ave. 





LORD MANUFACTURING COMPANY e ERIE, PA. 












FOR POWER 
CONTROL DESIGNS 


Unequaled for accurate con- 
trol of intermittent machine 
operations—cutting, punching 
and packaging. Gives closer 
tolerances to cut-off, stamp- 
| ing, shearing and similar ma- 
chines. Completely automatic; 
manual, mechanical or electri- 
cal control. 


Hilliard Over-Running Clutch- 
es and Couplings are automatic 
in operation. They are unsur- 
passed for automatic two 
speed drives, dual drives, 
stand-by drives and for allow- 
ing machinery to ‘“‘coast’’ after 
drive stops. Excellent as fixed or 
infinitely adjustable ratchets. 


A reliable series of spring- 
loaded slip clutches and coup- 
lings. Rugged construction 
with ample friction surface for 
heavy-duty use. Outstanding 
for preventing overloads and 
shocks; for starting heavy 
loads; as tension drag brakes; 
for reeling and winding opera. 
tions and many other uses. 


* HILLIARD CLUTCHES and COUPLINGS make machine 
drive and power transmission more efficient and economical. 
Experienced engineers will be glad to offer their advice on 
any problems. Complete descriptive material will be fur- 
nished on request. 


4 
r illustrated brochure #MP 


WRITE TODAY oe Information. 


CLUTCH MAKERS FOR OVER FORTY-FIVE YEARS 


103 W. FOURTH STREET, ELMIRA, N. Y. 
In Canada + * » UPTON - BRADEEN - JAMES, LTD. 
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THE ENGINEER'S 


Recent Books 


Controllers for Electric Motors. By Henry Duvall James, 
consulting engineer, and Lewis Edwin Markle, design 
engineer; 440 pages, 6 by 9 inches, clothbound; published 
by McGraw-Hill Book Co. Inc., New York; available from 
MACHINE DESIGN, $7.00 postpaid. 


Written as a basic guide on the selection, opera- 
tion and maintenance of control equipment for elec- 
tric motors, this second edition includes new devel- 
opments subsequent to the publication of the original 
version. Involved mathematics have been avoided 
and elementary chapters have been included for those 
unfamiliar with this type of electrical apparatus. 
Types and methods of control discussed are confined 
to the generally available commercial components. 

Text material begins with fundamental problems of 
control and proceeds through the various types of 
equipment concluding with latest control develop- 
ments. Topics covered are function and types of con- 
trol; controller diagrams; magnetic contactors; motor 
starting characteristics with different methods of 
control; motor acceleration methods; speed control 
methods; special applications; mechanical and dy- 
namic braking; regeneration; voltage control for de 
motors; amplifiers for motor control; magnetic ampli- 
fiers; series-parallel control and the electropneumatic 
contactor; adjustable speed ac motors of the wound- 
rotor type; resistors; manual controllers; de magnetic 
contact controllers; ac controllers; synchronous- 
motor control; electron-tube control; remote and su- 
pervisory control; protective devices; codes, installa- 
tion and maintenance; and control developments. 


| 
\| Mechanics of Vibration. By H. M. Hansen, professor of 
engineering mechanics, and Paul F. Chenea, associate pro- 
fessor of engineering mechanics, University of Michigan; 
431 pages, 5% by 9 inches, clothbound; published by 
John Wiley & Sons Inc., New York; available from Maé- 
CHINE DESIGN, $8.00 postpaid. 


Basic principles of the theory of mechanical vibra 
tions and their application to engineering problems 
are treated in this volume which has been designed 
primarily as a textbook for both undergraduate and 
graduate students. Specific applications and problems 
have been minimized; main emphasis has been placed 
on theory and general problem techniques. An ap 
pendix to the main text contains problems graded in 
difficulty for each chapter, many with answers. 

Introductory material on general concepts precedes 
the main portion of the text which is divided into 
three parts. Part 1 deals with systems of one degreé 


es §=—=—lof freedom and covers free vibration without damp 
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Want More Uniform Results? 


Specify NATIONAL Graphite Products for 


PURITY * HIGH STRENGTH * LOW ASH 
° HEAT RESISTANCE 
* DIMENSIONAL STABILITY 


Wherever powders become parts, efficiently and profita- 
bly, a lot depends on electric furnace graphite in its 
various, accurately-controlled grades. Here, for example, 
are a few applications in which National Carbon’s leader- 
ship in graphite research may handsomely reward your 
insistence upon the finest graphites obtainable. 


Graphite Powders. Guaranteed mini- 

a? mum-ash grades of specified fine- 
ness. Their electrographitic purity 
(98.8%) is unmatched by natural 
grades. 





Graphite Molds for Hot Pressing. Avail- 


able in all required high-strength 
grades, either as finished molds or GRAPHITE COLLAR FOR 


as bar stock. ia WATER-COOLED COPPER 
' ae CONNECTOR RING 








Carbon and Graphite Tubes for Resis- 
tance Furnaces. Furnished ‘“‘as ex- 
truded” or, where more uniform 


| P . . a wall thickness is required, lathe- 
Graphite Sintering Boats. Machined from turned and bored from solid stock. 


solid graphite stock to withstand tempera- 
tures over 3000 F without distortion. Extra 
high strength and ultra high purity grades 
to meet requirements. 





Graphite Spacer Discs. Supplied in 

diameters up to 30”, with accu- DOLLARS and SENSE 

rately-ground parallel faces. ENGINEERING ASSISTANCE IN ..+ point to “Eveready” 
No. 1050 Industrial Flash- 


THE APPLICATION OF “NATIONAL” light Batteries... the cells 
that deliver twice as much 
GRAPHITE PRODUCTS IS AVAIL- usable light as any battery 
The terme “‘National” and “Eveready” _— we've ever made before. 
trade a OS Se a ABLE THROUGH THE DISTRICT Their unique construction 
-marks of Union Carbide aud Carbon Corporation prevents swelling or jam- 
NATIONAL CARBON COMPANY COOISES Gla Saw —y LA fot 
A Division of Union Carbide and Carbon Corporation corrode. 


30 East 42nd Street, New York 17, New York 











DISTRICT SALES OFFICES: ATLANTA + CHICAGO + DALLAS + KANSAS CITY - NEW YORK + PITTSBURGH + SAN FRANCISCO 
iN CANADA: NATIONAL CARBON LIMITED - MONTREAL - TORONTO + WINNIPEG 
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“oO RINGS 


AIRTRON DUCTS 


RUBBER PRODUCTS 


c TAS] LA Tay 


EXTREME > G45) 3 


SUCCESSFUL PERFORMANCE where other materials fail is 
the record of Arrowhead’s many new ArcoSil silicone 
rubber products, 

New silicone compounds and new fabrication tech- 
niques developed at Arrowhead now make possible the 
design of parts which retain flexibility and give long 
service at extreme temperatures ranging from —125° F. 
to as high as 700° F. Silicone rubber parts with greater 
resistance to abrasion and permanent compression set, 
with ideal dielectric properties and excellent resistance 
to many oils and chemicals, are constantly being pro- 
duced to meet unusually severe conditions. 

For a solution to difficult design problems investigate 
the new abilities of ArcoSil Silicone Rubber parts. 
Arrowhead sales engineers are available in all industrial 
areas to provide information and engineering assistance. 

Write for new bulletins and name of nearest Arrow- 
head representative. Dept. C-70. 


Foremost Fabricators of MOLDED PARTS of complex 
shapes and/or bonded to metal; EXTRUDED 
SHAPES of all kinds; SPONGE RUBBER ex- 
trusions and sheets; DIE CUT gaskets; RUB- 
BER IMPREGNATED fiberglass. 











0 oe ww www ne eo we 
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RUBBER COMPANY 


FIRST commercial manufacturers of precision O" rings; PIONEER fab- 


ba ame 
ARCOSIL SILICONE 7 DOWNEY, CALIFORNIA (Los Angeles County) 
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icotors of silicone rubber; ORIGINATORS of rubber-fiberglass ducting. 


The Engineer's Library 





ing, forced vibrations without damping, and forced 
vibrations with damping. Part 2 extends the theory 
to systems of several degrees of freedom and dis- 
cusses the classical method; the mobility method and 
use of the complex variable; and solution of the gen. 
eral frequency equation. Part 3 consists of introduc. 
tory information on special topics which are neces. 
sary for a more general and refined analysis of vibra. 
tion problems. Topics presented cover systems with 
distributed physical constants, vibrations of a trans. 
ient character and vibrations of a nonlinear char- 
acter. 


Practical Descriptive Geometry. By Hiram E. Grant, 
professor and head, department of engineering drawing, 
Washington University; 261 pages, 6 by 9 inches, cloth- 
bound; published by McGraw-Hill Book Co. Inc., New 
York; available from MACHINE DESIGN, $4.00 postpaid. 


This descriptive geometry textbook, according to 
the author, “attempts to correlate and integrate 
theory and practice instead of considering each a 
separate entity.” The “direct method” of presenta- 
tion, which is a comparatively recent American in- 
novation, is employed throughout in this treatment 
of the subject. Problems have not been included in 
the text but a special set designed for use with the 
book is available. 


_j/¥arm Gas Engines and Tractors. By Fred R. Jones, 
professor and head of agricultural engineering, Agricul- 
tural and Mechanical College of Texas; 449 pages, 6 by 9 
inches, clothbound; published by McGraw-Hill Book Co. 
Inc., New York; available from MACHINE DESIGN, $6.00 
postpaid. 


A third edition of the original 1932 version, this 
textbook deals with farm power—the internal com- 
bustion engine as a stationary unit and the tractor 
as an automotive. unit. All information has been 
brought up to date and a chapter on thermodynamics 
has been added. 


Manufacturers’ Publications 


Aluminum Forming. 151 pages, 5% by 8% inches, ring 
bound; available on company letterhead request from 
Reynolds Metals Co., 2500 South Third St., Louisville 1, 
Ky. 


Although aluminum is an easy metal to form, the 
basic techniques necessary for its satisfactory fabri- 
cation will often differ from those normally applied 
to other metals. This manual deals with the impor 
tant factors concerning aluminum metallurg) and 
fabrication. Text material is divided into four sec 
tions: Section 1 is devoted to metallurgica! and 
technical data pertaining to sheet and plate; Section 
2 covers the various types of sheet forming oper 
tions; Section 3 presents data on tubing and pipe: 
and Section 4 discusses forming, bending and swag 
ing of tubing and pipe. Well illustrated with draW 
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‘legan 
AIR AND erty 4/1 Ld, 


SPEEDS, COORDINATES, REFINES VARIED 


PRODUCTION OPERATIONS IN MORE 
THAN 10,000 INDUSTRIAL PLANTS 


LOGAN MANUFACTURES AIR AND 
HYDRAULIC EQUIPMENT TO MEET 
EVERY PRODUCTION REQUIREMENT 


LOGAN ENGINEERS WILL HELP 
YOU DESIGN YOUR AIR AND 
HYDRAULIC CIRCUITS 


LOGAN MANUFACTURES 6,975 CATALOGED ITEMS 
Free Catalog On Request 


AIR CONTROL VALVES 
CATALOG 100—4 
AIR CHUCKS 
CATALOG 70—1 
AIR CYLINDERS 
CATALOG 100—1, also 100—2 
AIR and HYDRAULIC PRESSES 
CATALOG 51 


COLLET-GRIP TUBE FITTINGS 
CATALOG 200—5 


HYDRAULIC CONTROL VALVES 
CATALOG 200—4 

HYDRAULIC CYLINDERS 
CATALOG 200-2, also 200—3 


HYDRAULIC POWER UNITS 
CATALOG 200—1 


SURE-FLOW COOLANT PUMPS CATALOG 62 


LOGANSPORT MACHINE CO., INC. © 811 CENTER AVENUE, LOGANSPORT, INDIANA 
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YOUR FREE COPIES OF 
LOGAN TECHNICAL MANUALS 


@ THE CIRCUIT RIDER... 


A 32-page booklet on basic designs in fluid 
power circuits together with drawings as a 
guide to more effective application. 


@ THE FACTS OF LIFE... 


A 24-page booklet presenting the “Do's,” 
“Don'ts” and “What to Look For” in the 
installation and maintenance of air and 
hydraulic equipment. 


SAVES 


w TIME 
® EFFORT 
* MOTION 























Manufacturers’ satisfied reordering of 
the same Superior Carbon Brushes for 
periods ranging up to 33 years is a 
tribute that requires no special com- 
ment. The brushes probably come to 
be like old friends to their purchasers 


and users. 


SUPERIOR CARBON PRODUCTS, INC. 
9115 GEORGE AVE., CLEVELAND 5, OHIO 


The Engineer's Library 





ings and photographs, the manual also contains many 
helpful tables and formulas. 


Practical Metallurgy for Engineers. 603 pages, 5% by 
8% inches, clothbound; available from E. F. Houghton & 
Co., 303 West Lehigh Ave., Fhiladelphia, Pa.; $3.50. 


Now in its fifth edition, this handbook covers the 
latest standards and practices of the metal industry 
as well as future probabilities for new metals, alloy- 
ing elements and types of heat treatment. In line 
with the company’s experience, the sections of the 
book covering heat treating make up the major por- 
tion of the text material. Compared to the previous 
1943 edition, this volume has been enlarged by 120 
pages. New chapters include one on flame and induc. 
tion heating and one on surface-hardening methods 
other than carburizing. Additionally, a discussion of 
the heat treatment of magnesium and copper alloys 
has been included. 


Government Publications 


Mechanical Properties of Metals at Low Temperatures. 
National Bureau of Standards Circular 520; 210 pages, 
5% by 9 inches, clothbound; available from Government 
Printing office, Washington 25, D. C., $1.50 postpaid. 


Subject matter for this book consists of nine papers 
presented at the National Bureau of Standards 1951 
symposium on the influence of low temperatures on 
the mechanical properties of metals. Topics covered 
include European work in the field; manufacture of 
steels for low-temperature service; development and 
application of chromium-copper-nickel steel; tensile 
properties of copper, nickel and some copper nickel 
alloys; aircraft applications; properties of austenitic 
stainless steels; dimensional effects in fracture; me 
chanical properties of high-purity iron-carbon alloys; 
and brittle fractures in ship plates. 


NACA Technical Series. Each publication is 8 by 10 
inches, paperbound, side-stapled; copies available from 
National Advisory Committee for Aeronautics, 1924 F St. 
N. W., Washington 25, D. C. 


The following Technical notes are available: 


2671. Fatigue and Static Tests of Flush-Riveted Joints—38 pages 

2716. Effect of Open Circular Holes on Tensile Strength and Elong*® 
tion of Sheet Specimens of a Magnesium Alloy—24 pages 

2717. Effect of Temperatures from —70 to 600 F on Strength of 
Adhesive-Bonded Lap Shear Specimens of Clad 24S-T3 Aluminum Alloy 
and of Cotton and Glass-Fabric Plastic Laminates—26 pages 

2731. Influence of Structure on Properties of Sintered Chromium Car 
bide—21 pages 

2737. Plastic Stress-Strain Relations for Combined Tension and Com 
pression—61 pages 

2745. Influence of Chemical Composition on Rupture Test Properties 
at 1500 F of Forged Chromium-Cobalt-Nickel-Iron Base Alloys—-69 P2é* 

2755. Analysis of Landing-Gear Behavior—98 pages 

2758. Wear and Sliding Friction Properties of Nickel Alloys Suited 
for Cages of High-Temperature Rolling-Contact Bearings. 1—Alloys 
Retaining Mechanical Properties to 600 F—30 pages 

2759. Wear and Sliding Friction Properties of Nickel Alloys Suited for 
Cages of. High-Temperature Rolling-Contact Bearings, II—Alloys Re 
taining Mechanical Properties above 600 F—29 pages 

2767. Dynamics of Mechanical Feedback-Type Hydraulic Servomoter 
Under Inertia Load—63 pages 
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This encyclopedia of retaining rings combines—in one 52 page 
volume—engineering specifications and data for 17 different 

ring types—more than 600 different sizes. Gives assembly data, typical 
applications, everything you need to know about selection and use 

of Waldes Truarc Retaining Rings. 


d. 

upers 

1951 eae — 

oa ib: Fi © 6 pages showing typical cost-cutting applications and case 

vered histories, covering self-locking rings; basic type rings; rings for 

re of taking up end-play; rings for radial assembly; and special rings. 
and 
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me- 
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| 3 Waldes Kohinoor, Inc., 47-16 Austel Place, L. 
1,N.Y. 


1 
| 
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? WALDES Up Please send the new complete Waldes Truarc Retaining 
| 

| 

| 
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Ring Catalog. (PLEASE PRINT) 
= a Name 
— 
— | Title ‘ 
eR 


c 


I. 
MD 1 














REG. U.S. PAT. OFF, 


RETAINING RINGS 


WALDES KOHINOOR, INC., LONG ISLAND CITY 1, NEW YORK 

an TRUARC RETAINING RINGS AND PLIERS ARE PROTECTED BY ONE OR MORE OF THE FOLLOWING 
PATENTS: 2.302.947; 2.382.948: 2.416.052: 2.420.921; 2.428.341; 2.439.785; 2,441,646; 2.455.165: 
2.483.380: 2.483.383: 2.487.802: 2.487.003: 2.491.306: 2.509.081 AND OTHER PATENTS PENDING. 


- Pi 


Business Address_ 








l 

l 

l 

l 

Ci Zone State | 
l 
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PRONOUNCED “MACK-IT” 


Mac-it Stripper Bolts 
heat-treated for strength 
head concentric with body 
ground to close tolerances 


Built for Strength! 


For the toughest kind of fastening jobs, 
the complete Mac-it line of heat-treated, 
alloy steel screws will give you the 
strength you need where you need it! 

Mac-it’s 38 years’ experience in the 
manufacture of these top-quality fasten- 
ers is your assurance of precision, uni- 
formity and strength. Sold through lead- 
ing industrial distributors from coast to 
coast and in Canada. 


Other Mac-it products include: 


Hollow Lock Screws Socket Screw Keys 

Socket Head Cap Screws Square Head Set Screws 
Hollow Set Screws Hexagon Head Cap Screws 
Hollow Pipe Plugs ... and many others 








Hyprautic AMPLIFICATION of switch contagt 
motion in piezoelectric relays, instead of a mechanig¢ 
lever amplification system, greatly simplifies this typ 
of relay by reducing the number of parts previously 
necessary. Submerged in the hydraulic medium, the 
piezoelectric crystals deform when the control cur 
rent potential is varied, displacing the fluid or semi- 

















nuid accordingly. Proportionally amplified motion of # 


a comparatively small output plunger results, actuat- 
ing the movable contact finger of the relay. Patent 
2,587,482 assigned to Bell Telephone Laboratories 
Inc. by Arthur C. Keller. 


GartTEr-SPRING VOLUME CONTROL in a novel 
vane-type hydraulic pump effects the desirable uni- 
form output pressure while permitting low cost manu- 
facture. Anchored at one point in the pump cavity, 
this spring normally pulls the pump ring to an ex- 
treme off-center position for maximum fluid delivery. 
As pump-volume demand decreases, pressure in the 
discharge port increases and the ring hydraulically 
seeks centricity with the rotor. When the ring is 
centered, pump discharge becomes practically zero 
while pressure is maintained at the maximum. Fric 
tional contact between the spring coils and the pump 





_ Key lugs 


Vane 
spocer ring 
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For... 


Gear Reduction Units 
Aircraft Reciprocating Engines 

Automotive Accessories 
y, Jet Propulsion Units | 

















he Washing Machines 
: Standard & Special Machine Tools 
0 Electrical Power Equipment 


> Business Machines 


If you have a shaft sealing problem, Gits experience 
in these and many other specific applications can 


*Cartridge Seal... : i 
Cartridge Seal . . . pressure prove of great and immediate value to you. 


balanced . . . requiring 
only 25% more space Write today for FREE illustrated Brochure, or 
than lip-type seals. send us your seal problem. 


GITS BROS. MFG. Co. 


1868 S. Kilbourn Ave. + Chicago 23, Ill. 


_— 
Gits Lubricating Devices, 
The Standard For Industry For Over 40 Years ti 
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McKay Strip Processing Uncoiling Machine 
equipped with Anker-Holth Air Cylinders. 


Help yourself to this 
“CYLINDER KNOW-HOW” 


ACHINE designers everywhere find it 
helpful to call in Anker-Holth engineers 

on power motion problems. Push, pull, lift or 
lowering action . . . air or hydraulic power... re- 
gardless of your problem, feel free to ask for the 
competent help of the nearby Anker-Holth man! 


Specify Anker-Holth cylinders. There is a 
wide range to meet your specific needs, includ- 
ing heavy-duty types for steel mill equipment 
such as shown above. Write for bulletin. Anker- 
Holth Division of The Wellman Engineering 


Co., 2725 Conner St., Port Huron, Michigan. 










INFORMATION on the 
complete line of Anker- 
Holth products is given in 
this bulletin. Free on re- 
quest. 


Division of THE WELLMAN ENGINEERING COMPANY 
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| juvenating the original lubricant without disturbing 






Noteworthy Patents 








ring (groove) damps out critical vibrations result 
in smooth operation without hunting action. Pate 
2,588,032 assigned to Packard Motor Car Co, 
James H. O’Brien. 


Hynpravuic PRESSURE MEASUREMENTS 
high accuracy are possible with a new gage whi 
eliminates the fluid temperature sensitivity that ge 
erally affects results with direct electric strain ga 
readings. With pressure transmitted to an & iy 
proof ring through a sealed plunger, continuous rez 












f 
ings can be recorded without temperature-induced inj | 
accuracies. Strain gages are mounted diametricall 
opposed on innner and outer faces of the ring which 
is pivot-mounted either on the side of or encircling 
the gage body. Patent 2,585,350 assigned to Dougla 
Aircraft Co. by John D. Russell. 







Hyreopermic LUBRICATION prolongs the life o 
permanently sealed ball bearings in that it permits re 






the seal elements. Assembled between a pair of per 
forated metal side shields which are keyed togethe 
to maintain alignment of the perforations, the soft 
seal washers are pierced by a hollow needle through 
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See the difference! 


The boxes in these unretouched photographs 
were molded under the same conditions and ex- 
posed to a temperature of 212°F. The box on ae 
left, made from Koppers MC 409, showed little 
or no distortion after 30 minutes at this ——— 
ture. The box on the right, made from a widely 
used commercial modified polystyrene, 
showed major distortion within 10 minutes. 





icall 
vhicl 
cling 


. sistance in a modified polystyrene... 
' KOPPERS MC 409 


5 re 
bing 


high heat 





® Here’s the high-heat modified polystyrene that 
ed the industry has long wanted . . . Koppers MC 409. 


the This new material combines three important ad- 
soft vantages . . . higher heat resistance (up to 198°F.* ) 
ugh . .. the toughness and shock resistance of modified 

polystyrene . . . and the desirable finish and molding 
os characteristics of regular polystyrene. MC 409s 


excellent heat resistance is comparable to that of 
Koppers well known Polystyrene 8. 

These qualities make MC 409 an ideal material for 
radio cabinets, battery cases, washing machine and 
refrigerator parts, toys, housewares, brush handles 
and, in fact, any molded or extruded polystyrene 





JPSALES OFFICES: NEW YORK BOSTON 
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PHILADELPHIA 


product subjected to heat. 

Koppers MC 409 makes possible sturdy, shock 
resistant, plastic products that withstand the high 
temperatures found in show windows, dishwashers 
and automobiles, where other modified polystyrenes 
sag and shrink. Tests prove that on exposure to 
boiling water MC 409 will show low deformation 
with a minimum of shrinkage. 

FOR FREE SAMPLES for testing in your laboratory 
and for Technical Bulletin C-2-161-TR describing 
the properties and characteristics of MC 409, write, 
wire or phone Koppers Company, Inc., Chemical 
Division, Dept. MD-112, Pittsburgh 19, Pa. 
*AS.T.M. D-648-45T. 


Koppers Plastics Make Many Products Better and Many Better Products Possible 





KOPPERS COMPANY, INC., Chemical Division, Dept. MD-112, PITTSBURGH 19, PA. 
DETROIT + LOS ANGELES 


CHICAGO 





this conveyor belt 


is woolly, but not wild! 


That’s a true turnabout for this example of just one of many 
specially designed Cambridge woven wire conveyor belts. This 
one carries wet, washed wool through a drying oven to remove 
moisture and washing chemicals from the fibre. But there’s no 
wild belt travel because the Cambridge Chain Drive design used 
here prevents the belt from riding from side to side across the 
pulleys . . . maintains perfectly straight belt movement. 


Open mesh of the wire belt permits free, even heat circulation 
inside the drying chamber. All-metal construction gives longer 
belt life and lower maintenance costs. The surface of the belt 
will not stain or mark the wool fibres. 


Whether you’re processing textile fibres, 
foods, chemicals, metal or ceramic products, 
a Cambridge woven wire conyeyor belt can 
help you cut production costs and maintain 
product uniformity by combining movement 
with processing. But don’t have the wool 
pulled over your eyes on conveyor belt design 
. . . be sure to call in your Cambridge field 
engineer for his recommendation on the 
proper— 

CAMBRIDGE WOVEN WIRE CONVEYOR BELT— 
any metal or alloy, mesh or weave. 


Cambridge Chain 
Drive Attachment 


Write direct or look under “‘Belting-Mechanical’’ - 
in your classified telephone directory. 


The Cambridge = 
Wire Cloth Co, ret snr manuva 


contains information 
Dept. N ® Cambridgel 1,Md. on conveyor and belt 
—— + design and specifica- 
tions, metallurgical 
data and belt main- 
tenance. Write for 


OFFICES IN PRINCIPAL INDUSTRIAL CITIES your copy today. 
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Noteworthy Patents 





which lubricant is forced into the bearing. Resiliency 
of the seal washer wipes the injection needle clean as 
it enters the bearing and closes the puncture wien 
the needle is removed. Patent 2,591,129 assigned to 
General Motors Corp. by Rodger D. Brouwer. 


Equauizep TOOTH LOADING in a planetary gear 
reducer is achieved by mounting the planet gear bear. 
ings to the output spider studs on radial wrist pins. 
This avoids the tendency of the planet gears to skew 
because of normal spider deflections under heavy 
loads. Thus, uniform tooth loading is enhanced and 














localized wear reduced. The internal ring gear of the 
reducer is supported by a splined coupling sleeve 
which permits it to shift axially and radially to a 
slight degree for further equalizing tooth loading and 
wear. Patent 2,591,734 assigned to Genera] Electric 
Co. by Norman A. Smith and Kermit L. Darrah. 


SrRoKE-LIMITING VALVE built into a clevised 
hydraulic cylinder simplifies blocking the piston hy- 
draulically to suit various stroke requirements. An 
operating finger clamped to the piston rod at the de- 
sired position is used to shift a spool cam and actuate 
a spring-loaded poppet valve in the discharge line on 























the pull stroke. Reversal of line pressure resets the 
piston during which time the stroke-control cam re 
sets automatically. This arrangement eliminates the 
extra piping and valve gear otherwise required t 
provide similar stroke control. Patent 2,587,182 a& 
signed to Bendix Aviation Corp. by Carlos B. Livers. 
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Precision 
casting 
news 





by Arwood Engineers 


This is, indeed, interesting precision casting 
ews. Study, for a moment, the cam drum illus- 
rated above. Originally, it was made in 13 parts 
-a spindle —turned, drilled, slotted and 
breaded from bar stock — a cap, turned drilled 
n4 places and tapped from bar stock — 10 cam 
“ments, turned, milled and drilled from bar 
tock and a locking pin. 


Arwood’s engineers combined these 13 parts 
to 1 part — and eliminated all except 1 ma- 
hining operation — something of a record. In 
dition the alloy was changed to give much 
etter service and much longer life. Interesting 
0 engineers are substantial savings that resulted. 


This is but one example’ of what Arwood’s en- 

ineers are able to accomplish. They work in 
any industries and solve many problems. If 
ou have a problem why not write Arwood — no 
bligation whatever. 





13 FOR 1 


L@\ore) 
‘e)ro)re)re), 
beyoyro re), 


SCALE ~~ ~~ % ACTUAL SIZE 
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economy: 


Les Gott has rejoined the Ar- 
wood Sales Organization as 
engineering representative in 
Connecticut, Westchester 
County, and the Hudson 
River Valley in New York 
State. His engineering back- 
ground and long experience 
in investment castings make 
him able to provide compe- 
tent engineering and metal- 

LES GOTT lurgical counsel. He is typi- 
cal of Arwood men in the field. 


Mr. Gott is a graduate of M.I.T., has been a 
Captain, Ordnance Corps, in charge of equipping 
and operating an investment casting foundry. 
Later he operated his own foundry. He was re- 
called to active duty in 1951 and upon his discharge 
recently he rejoined the Arwood Organization. 


For more complete information write 
for our booklet, **Alloy Selection and 
Design for Investment Castings.” 


An important new book—Investment 
Casting for Engineers”’—has just been 
published. It is highly recommended 
reading for all design engineers. 


PRECISION CASTING CORP. 


78 WASHINGTON STREET e BROOKLYN 1, N. Y. 
Plants: Brooklyn, N. Y., Groton, Conn., Tilton, N. H. 




















Jet Engine Saves 
Weight, Space 


Called the world’s most power- 
ful qualified turbojet aircraft en- 
gine, a new power plant has been 
developed and is being produced 
for the U. S. Navy. Capable of 
developing thrust equivalent to ap- 
proximately 25,000 hp at present- 
day jet flight speeds, the new 
Westinghouse engine is said to be 
the first to provide constant speed 
drive for airplane accessories as 
an integral part of the engine. This 
feature will permit designers to 
make substantial savings in weight 
and space in new planes. 


An outgrowth of the original 
Westinghouse J40 engine, the new 
model has successfully completed 
the Defense Department’s 150-hour 
qualification test which all new en- 
gines must pass to be eligible for 
quantity production. The test was 
equivalent to more than 75,000 
miles of actual flight. 





The engine is of axial flow or 
straight-through design. Approxi- 
mately 25 feet long and 40 inches 
in diameter, it is extremely light- 
weight and produces more thrust 
per square inch of frontal area than 
previous turbojets. An afterburn- 
er, which reheats the exhaust gases 
after they leave the turbine but 
before they emerge as a jet stream, 
is employed to boost power. 

Substantial amounts of colum- 


Technical Manpower Shortage Discusseq: 


One of the nation’s top prob- 
lems—the shortage of technical 
manpower—was the subject of the 
Engineering Manpower Commis- 
sion conference held recently in 
Chicago. Appealing for a pro- 
gram to deal with this “alarming” 
situation, conference speakers cited 
the acute shortage of engineering 
and scientific personnel, which is 
expected to become worse in the 
next few years. 





pelop 
w0 
bium and cobalt have been elimMsei 
inated in the new J40, and evethossi 
greater savings of these and otheMpst 
scarce materials are to be effectedfor n 
in subsequent versions of the enff Sor 
gine. hape 
It is expected that several newpne-t 
fighter planes scheduled for ear! 
production for the Navy will } 
powered by this engine. Include 
are the McDonnell F3H Demon an 
the Douglas F4D Skyray. 


Net 
rinee! 


ve 
Because of the shortage of eng nent 


neering personnel, conferenc rie, 
speakers said, industry is hang... 
pressed to maintain the flow of d@,,., 
fense and civilian materials, alg... 
development has been impedeq 7), 
There is an existing deficit of ely to 
gineers estimated at 50,000 and 4 
annual demand for at least 30,00 
engineer graduates in_ indus 
alone. Of 30,000 engineers grad 
uated in 1952, 5000 have milita 
obligations to fulfill as a result ¢ 
ROTC programs, and others 4 
being drafted into military servic 
Next year’s graduates will includ 
only about 20,000 engineers, andi 
1954 it is estimated that there 

be a scant 17,000. Engineering 
graduates will be even fewer Hy. 
there are draft withdrawals befor 
graduation. 


The gravity of the situation | 
apparent when it is remembere 
that military, industrial and 80 
ernment needs must be met by # 
insufficient number of engineerilf® 
graduates. Interests of all My yy 
of these groups were represent 


at the manpower conference, ° 


one ACHT 
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ufety and interest.” 


V Camera for 


mbroadcast Use 


Directed toward facilitating the 

joption of closed-circuit television 

or industrial applications, the 

be department of RCA Victor 

has announced its first commercial 

yrsion Of the Vidicon industrial 

camera tube. Revealed as a de- 

eopmental project approximately 

wo years ago, the small electronic 

elimfseeing eye’ is claimed to make 

eve™ossible compact, simple, lower 

othefest television camera equipment 
fecte@for nonbroadcast use. 

ie eli Somewhat similar in size and 

hape to a cigar, the tube is only 

| newpne-tenth the size of a standard 

earl 

ill b 

‘lude 


i=) 


New test facilities for motor en- 
. ineering development have been 
é Wut into operation at the Locomo- 
ive and Car Equipment depart- 
nent of the General Electric Co. in 
rie, Pa. Traction motors and 
enerators for locomotives larger 
ian now being built can be tested 
ere. 
ede The new facilities comprise elev- 


ad n test tables, a soundproof room 
n 


0,00 
us 


eng 
nc 
har 
of dé 
| al 





ie EMC looks for a natoinal pro- 
mm of manpower utilization 
sich will benefit “national health, 


tall Motor Development Test Facilities 


Two G-E test engineers, above, conduct a load 
test on double-reduction geared motors 





broadcast television camera tube. 
It is 1 inch in diameter and 6 
inches long. The tube’s small size 
and simplicity make possible the 
design of a television camera ap- 
proximately the size of a 16mm 
home movie camera. 

Such a camera can be placed to 


for noise tests, an air chamber for 
motor-ventilation tests and life- 
test facilities for simulating serv- 
ice conditions. A substation which 
covers 4500 sq ft of the 20,000 sq 
ft installation supplies power. 

All eleven test tables were built 
with similar configurations of 
switches and controls to permit an 
interchange of operating person- 
nel with a minimum of special in- 





Size of Vidicon tube as compared 
to an image orthicon broadcast tele- 
vision camera tube 





permit close-up or wide-range 
televising. It is expected to find 
application in production control 
and observation of potentially 
dangerous experiments. 


Utilizing a photoconductive lay- 
er as its light-sensitive element, 
the camera has a sensitivity which 
permits the televising of scenes 
with 100 to 200 foot-candles of in- 
cident illumination. The photocon- 
ductive layer has a spectral re- 
sponse characteristic approaching 
that of the human eye. Operating 
with relatively low de voltages, the 
tube provides 400-line resolution, 
employs magnetic focus and mag- 
netic deflection. 


-~-~struction. Although each table 


was designed to handle a particu- 
lar type of equipment, they are 
sufficiently flexible so that test- 
ing of other types may be done. 
Sound level in the sound testing 
room has been reduced from 90 to 
60 decibels so that sound will not 
affect test results. Walls of the 
room are insulated with rock wool, 
and the room floats on a two-foot 
bed of sand to isolate it from the 
building foundation. The roof is 
removable to permit use of an over- 
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Plenum air chamber, below, in which fans and 
blowers of various types are tested 














Engineering News 





head crane. 

A large plenum air chamber, par- 
titioned into two 10-ft cubicles by 
a steel wall containing nine stand- 
ard calibrated nozzles, is used to 
study air flow requirements for 
ventilating traction motors and 
generators and for studying the 
effectiveness of different fan and 
blower designs. Sizes of the spun 
aluminum nozzles range from 2 to 
16 inches in diameter. Air flow 
can be measured accurately up to 
30,000 cfm by opening and closing 
various combinations of nozzles. 

There are large openings in the 
front wall of each cubicle for in- 
stallation of fans and test motors, 
so that various conditions of in- 
take and exhaust can be created. 
The difference in static pressure 
between the two chambers is meas- 
ured by averaging pressures from 





18 different locations in each 
chamber. 

Life-test facilities permit simu- 
lating actual road conditions for a 
wide range of equipment over 
varied cycles of operation. Such 
tests are accelerated by the use of 
automatic control, which also per- 
mits study of fatigue and aging 
under, operating conditions. Mo- 
tors can be tested on an outside 
platform to determine the effect of 
normal weather changes. 

Among the areas to be covered 
by air-flow tests are air flow ver- 
sus speed of self-ventilated ma- 
chines, and air flow versus static 
heads developed at constant speeds 
for blowers on _ force-ventilated 
equipment. 

Speed-torque characteristics will 
be studied by measuring generated 
voltage at constant speed for pre- 
scribed loads and field excitations. 
Constant speed can be held to with- 
in 4g-rpm accuracy. 


Large Mill Rells Aircraft Skin Sheets 


Designed, installed and operated 
by the Aluminum Co. of America 
under Air Force contract, a new 
rolling mill will produce skin plates 
up to 10 feet wide and more than 
33 feet long. Present limits are 
approximately 5% by 25 feet. 

This is the first mill to be built 
in this country specifically for the 
rolling of tapered aircraft skin 
sheets. It is to be installed at 


Alcoa’s Davenport, Ia., plant and 
is expected to reduce assembly 
time for airplane wing sections. 
Thickness of finished plates will 
range from 0.064 to 1.5 inches, and 
the maximum taper ratio will be 
4.5 to 1, with a maximum tapered 
rate of 0.050-inch per foot of sheet. 
Capable of a maximum delivery 
speed of 120 fpm, the 114-inch, 
four-high reversing mill will be 








driven by a General Electric 30 
hp, de motor. Speed of the mots 
ranges from 80 to as low as 5 rpp 
because mill speed must be maj 
tained in ratio to the speed of m 
tor-driven screws which adj 
roll separation to produce desire 
plate thickness. 











Alpha-Particle Isotope 
Now Aveilable 


Reactor-produced radioactive pq 
lonium-210 may now be purchase 
at Oak Ridge national laborato 
for research activities. This typ 
of polonium is the first reacto 
produced radio isotope to be so 
which emits alpha particles. It 2 
so can be used as a source of high 
energy neutrons. ’ 

Announcement of the availabilit 
of the new isotope marks the thi 
anniversary of the isotope p 
gram, during which Oak Ridg 
the world’s principal isotope pr 
duction center, shipped more tha 
35.000 individual orders of isotopemj 
to users in 46 states and 33 fo 
eign countries. The demand for isi 
topes has risen at a steady ra 
each year. No indication of leve 
ing off is apparent from year-t 
year figures on shipments. Shij 
ments for 1952 total some 9,000 
about 25 per cent of all the shi 
ments in the entire six years 4 
the program. 

The new isotope can be used | 
luminous phosphors, static elim 
nation devices, and for other indus 
trial purposes. Present day us 
however, is expected to be for'r 
search in physical and _ biologic 
investigations, since the isotope | 
not at present available in 
quantities required for more C0 
mon uses. 

Polonium-210 is available in t¥ 
forms. As a neutron source, t 























































This self-contained Hydropress © 
hydraulic extrusion press is desigat 
to provide stepless adjustment 4 
extrusion speed from both the mi 
operating pulpit and from an aux 
iary control stand at the plat 
exit. The press is to be used ‘ 
the extrusion of magnesium # 
magnesium alloys at the new Maé 
son plant of the Dow Chem 
Corp. 
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ONLY SILICONE RUBBER PARTS can 
withstand temperatures ranging from 
+500° to -110° F. Because of their 
extraordinary properties, silicone 
parts have excellent resistance to 
weathering, oxidation, moisture, 
ozone, permanent compression set, 
and many chemicals and oils. 


SILICONE PARTS FABRICATED BY 
STALWART assure maximum per- 
formance and maintain their desir- 
able physical, chemical and dielectric 
properties under critical operating 
conditions. In many applications, they 
have replaced metal fabrications 
forced upon manufacturers by the 
limited thermal stability of organic 


ni 
—— 


THE MAGIC OF —>beone 


RUBBER PARTS FABRICATED BY STALWART 


rubbers. Silicone rubber parts now 
are used for many difficult applica- 
tions . . . aircraft seals and instru- 
ments, marine equipment, trans- 
formers, internal combustion engines, 
motors, generators, chemical and 
electronic equipment, etc. 


EXPERIENCED STALWART ENGINEERS 
are prepared to mold, extrude, punch, 
machine-cut and mandrel-build pre- 
cision silicone rubber parts to meet 
individual as well as 

S.A.E. and A.S.T.M. 
specifications. 


Write today for 
CATALOG S5I1SR-1 for 
additional information. 


812-SR 


7 . 
TALWART RUBBER COMPANY 


200 NORTHFIELD ROAD 
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Technical Service Data Sheet 
Subject: METAL PRESERVATION AND PAINT PROTECTION 
WITH ACP PHOSPHATE COATING CHEMICALS 





fr 


_— | 


STAGE No. 3 STAGE No. 4 STAGE No. 5 
ACP PHOSPHATE RINSE FINAL 
COATING SOLUTION ACIDULATED RINSE 


STAGE No. 7 
RINSE 


STAGE No. | 
CLEANING 
SOLUTION 


SEQUENCE OF 
OPERATIONS 


U.S, ARMY PHOTOGRAPHS COURTESY OF “ORDNANCE MAGAZINE” 


Typical spray and dip phosphating equipment and some ord- 
nance products that are now given a protective phosphate 


coating for extra durability under all kinds of severe exposure 
conditions. Both military and civilian applications of ACP 
phosphate coating chemicals are shown in the chart below. 


SELECTION CHART OF ACP PROTECTIVE COATING CHEMICALS FOR STEEL, ZINC, AND ALUMINUM 





GOVERNMENT 
SPECIFICATIONS 


TYPICAL METAL 
PRODUCTS TREATED 


ACP OBJECT OF 
CHEMICAL COATING 





5 
= 


“GRANODINE” Improved 
Zinc Phosphate paint 
Coating Chemical adhesion 


z 
Daas 

2 

5 


- 
vee 
oe 
Fomor 
nw 


, automodi le 
washing machines, cabinets, etc.; projec- : 
tiles, rockets, bombs, rifles, small arms, 
belt links, cartridge tanks, vehicular sheet 
metal, tank bolts and links, recoilless 


guns, etc. 


bad 


-0-2, Type il, Class C 


sF bd 
rom 





Nuts, bolts, screws, hardware items, tools, 
guns, cartridge clips, fire contro} instru- 
ments, metallic belt links, stee! aircraft 
parts, certain stee! projectiles and many 
other components. 


“PERMADINE” Rust and 
Zinc Phosphate Corrosion 
Coating Chemical prevention 


ee 
ef #r8 


‘ 
a 





Friction surfaces such as pistons, piston 
tings, gears, cylinder liners, camshafts, 
tappets, crankshafts, rocker arms, etc. 
Smal| arms, weapon components. Hardware 
items, etc. 


Blanks and shells for cold forming, heavy 
stampings; tubs; tubing for forming or draw- 
ing; wire; rod; etc. 


Wear-resistance anti- 
galling, sate break-in 
of friction or rubbing 
parts. Rust proofing. 


“THERMOIL - 
GRANODINE” 
Manganese - iron 


Phosphate Coating 





“GRANODRAW” 
Zinc-iton 


Phospha‘ 
Coating 


Improved drawing, 
extrusion, and 
Cold forming 





“ALODINE” coved paint Aluminum products of similar design such as 
Protective ton and tefrigerator parts, wall tile, signs, washing 
Coating Corresion machine tubs, etc; aircraft and aircraft 
resistance parts; bazookas (rocket launchers), heimets, 
belt buckles, clothes dryers, clothesline, 
tocket motors, etc., aluminum strip or sheet 





“LITHOFORM” 
Zinc Phosphate 
Coating Chemical 


Improved paint 
adhesion ; hot dip galvan- 
ized stock; galvanneal; signs; siding; 
footing, galvanized truck bodies; etc. 


Zine alloy die castings; zinc or cadmium 
sheet of components 























ACP. 
PROCESSES | 


~~ 


WRITE FOR DESCRIPTIVE FOLDERS ON THE 
ABOVE CHEMICALS AND FOR INFORMATION ON 
YOUR OWN METAL PROTECTION PROBLEMS 
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polonium will be mixed with be 
lium and enclosed in a cylinder g 
nickel about %4-inch in diamete 
As an alpha particle source, th 
polonium will be placed on a strj 
of platinum. 


High-Temperature Lubricants 
Extend Motor Service Range 


Greater efficiency in the opera 
tion of electric motors may be on 
of the results of the current Navy 
Industry program devoted to th 
development of new high-tempe 
ature lubricants. With the ne 
high-temperature lubricants no 
commercially available, electri 
motors can be operated contin 
ously at 150 C (300 F). 

New high-temperature materials 
such as silicone-glass insulation 
have permitted substantial in 
creases in power output withouw 
increase in physical dimensions bj 
allowing electric motor and othe 
rotating electrical equipment to op 
erate at higher temperatures. Th 
development of such equipmen 
however, was retarded by the la 
of information on the operation 0 
antifriction bearings and grease 
at elevated temperatures—150 ( 
and higher. The new lubrican 
developed as a result of the join 
program will allow oreration 0 
electric motors at these high tem 
peratures with intervals of 500 t 
1000 hours between relubrication 

These intervals can be mucl 
longer if the motors are operated 
below the maximum temperatur¢ 
of 150 C for over 50 per cent of 
the time. Some motor design 
changes have been indicated by thé 
study which may further extend 
the intervals between lubrication 
Previous operating temperatures 
on a continuous basis were limite 
to about 80 C. 

Nine newly developed greases 
all of which are now commercially 
available—were investigated an¢ 
tested. These included a miner 
oil gelled with strontium soap, tw 
mineral oils gelled with sodium 
soap, a mineral oil and dieste 
blend gelled with lithium soap, ané 
four silicone greases, one of whicl 
was gelled with carbon black an 
the others with lithium soap. *® 
silicon-lithium soap greases OM 
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Straight Adapter Unions 





45° and 90° Adapter Unions 


nee 


Anchor Ductile Sleeve Couplings 
assembled on two wire braid 
hose for high pressures. 


Anchor Sleeveless Couplings 
assembled on either single wire 
braid hose or two rayon braid 
hose for medium or low pres- 
sures. 


Anchor Clamp-type Couplings 

Gre ideal for field service use 

and emergency repairs. Easy to 
ut on and take off — withstand 
gh pressures. 


Use Anchor Assembled Hose Units with the outstanding fit- Name 








Ce 90° Check Valve Union 








lO 


i iP =Save You Assembly Time and Money 


av, Time is money. And whenever you save time, you reduce costs. 
That's why it pays to use Anchor Adapter Unions and Related Fittings. You see, 
they're designed especially to speed the attachment of Anchor hydraulic hose assemblies 
to equipment of all kinds. 

In addition to cutting assembly costs, Anchor Adapter Valgue and Fittings have these 
important advantages: 

They provide a leakproof ground-joint connection. 


They are small in size, require little space, and provide a neat appearance. 
=.= You can connect and disconnect them many times without destroying the seal. 
Made from solid steel bar stock and plated to prevent rust, they stand up under the 


toughest service conditions. 
Their use lets you eliminate one or more pipe-thread joints—gives you a better 
piping job. 
Assembly in confined spaces is quicker and easier. 
The Anchor line of Adapter Unions and Related Fittings is 
| the most complete line available. Save yourself time and 
Send for complete money—select those that fill your specific needs. 


information on | cip. COUPON-FO-LETTERHEAD AND MAIL TODAY. 


Anchor Adag00 Ji, cncscantapiibiilinenaladenaiviteaiatinamtiniicaninciaieastaninam amet 


Unions and 


Fittings ANCHOR COUPLING CO. INC. 


Dept.MD-112, Libertyville, Ilinois 


I like the dependability, the safety. and the time-and-money saving fea- 
tures of Anchor Adapter Unions and Fittings. Please send me a catalog. 


D. bres 
4 





tings shown above. You'll have less trouble in the shop on 


assembly — and less trouble in the field on the job. Company 


ANCHOR fefolt) Jal icmaey INC. st papain 


Octory Libertyville, Illinois ° 











City. 





isTaelaldal Detroit, Michigar 
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..- heart of the drive mechanism 


Shooting concrete, castable refractories, acoustical plastics 
and similar pre-mixed aggregates, in quantities up to 3 cubic 
yards per hour, is the tough kind of work that this Bondactor 
machine is cut out for. 

... and that calls for sturdiness throughout, especially the 
drive mechanism which bears the real brunt of running under 
continually heavy loads. Heart of the Bondactor’s drive is a 
Winsmith Vertical Type, Single Reduction, Worm Gear Speed 
Reducer, driven by an air motor at varying speeds depending 
on the desired rate of feed. 

Says Air Placement Equipment Co., manufacturer of Bond- 
actor: “We started using the Winsmith Reducer about 5 years 
ago, and because of continual satisfaction, it has been used 
exclusively on all Bondactor machines.” 

Like Bondactor, any equipment or machines requiring 
speed reduction stand to gain noteworthy advantages through 
the selection of Winsmith Speed Reducers. Fully standardized, 
thereby simplifying design, installation and replacement prob- 
lems, the Winsmith line is the most complete within its range 
of 1/100 to 85 hp and 1.1:1 to 50,000: 1 reduction ratios. 


Request catalog 148 for details. 
WINSMITH, INC. 


16 Elton St. 
SPRINGVILLE (Erie County), N. Y. 
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inated by the Naval Research Lah 
oratory were found to be useful af 
150 C for over 500 to 1000 how; 
of operation without regreasing, In 


occasional tests good performaneg 


for as long as 6000 hours was ob 
served. 

Lowering the operating temper 
ature to 125 C resulted in a larg 
increase in the life of all the greas 
es tested, the silicone-soap grease; 


still having a clear advantage over 
all the others. Several nonsilicong 
greases, however, gave dependabl 


| 
( 
q 


operation at 125 C for 1000 to 200 , 


hours without regreasing. For op 
eration at 100 C, the three soap 
gelled silicone greases and thre 


ne v 
of the nonsilicone greases gavé 


10,000 to 15,000 hours of satisfac 
tory operation without relubrica 
tion. 

A military specification incor 
porating the findings ofthis cw 
operative program has been issued 
by the Navy Bureau of Ships. An 
other outcome of the study, how 
ever, has been the indication o 
necessary changes in motor manu 
facture to make best use of thi 
new greases. For maximum utiliza 
tion of Class H insulation in eles 
tric motors, the study indicate 
that the lubricant system shoul 
be redesigned so that more of th 
fluid bled from the grease migrate 
to the bearings. Seals or shields t 
prevent loss of grease from th 
bearings, a larger reserve of greas 
within the bearing proper, bal 
cages of selected nonferrous met 
als, and use of bearing steels stabl 
at higher temperatures were th 
general factors deemed to be ¢ 
sential in future motor designs. 


Outline Industrial 
Research Program 


At the Centennial Conference ° 
Industrial Research, sponsored } 
Armour Research Foundation, 
research executives met rece 
to consider the question “Where 
we go from here with industrial ™ 
search?” General Electric vi 
president Harry A. Winne, one ° 
the principal speakers, outlined 
five-point program for indust!) 
saying that industry must answ 
“yes” to the following questions: 

1. Will industry continue to 
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yest an adequate portion of its 
profits in research? 

2. Will industry cultivate in its 
top management a full understand- 
ing of the essential characteristics 
9@—and relationships between— 
fundamental research, applied re- 
garch and advanced engineering 
development ? ; 

3. Will industry foster the kind 
of intellectual and physical environ- 
ment that is essential to creative 
research ? 

4, Will industry make a place for 
the free and uncommitted investi- 
gator ? 

5. Will industry strengthen that 
vital link in the chain—a strong 
advanced engineering organization 
capable of translating research re- 
sults into industrial practice? 

A sound research and develop- 
ment program co-ordinated with 
business interests was termed as 
“a form of profit insurance and a 
continuing operating necessity.” 


lincoln Announces Contest, 
Makes Awards 


A new Mechanical Design Award 
program and results of the fifth 
Annual Engineering Undergrad- 
uate Award and Scholarship Design 
program have been announced by 
the James F. Lincoln Arc Welding 
Foundation of Cleveland. 

The Mechanical Design Award 
program just announced is a com- 
petition for designers, engineers 
and manufacturers of machinery 
of all types and offers $30,000 in 
101 cash awards, as well as na- 
tional recognition, for the best 
Papers describing the mechanical 
design and construction of any 
type of machine or machine com- 
ponent which is designed for arc 
Welded steel fabrication. 

Any machine or component 
Whose performance or appearance 
has been improved or whose cost 
has been reduced through the use 
of are welding may be described; 
any person who has participated in 
the designing, planning or manu- 
facturing of the machinery may 
‘ompete in the program by de- 
scribing his work. Papers, which 
Will be judged by a jury of prom- 
ment engineers, educators, de- 
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an AIRCRAFT 


ENGINEER... 
in CALIFORNIA? 


Yes, Lockheed can train you-at full pay! 


The step up to Aircraft Engineer- 
ing—and a better life in Southern 
California—isn’t as steep as you 
might expect. 

Aircraft Experience isn’t neces- 
sary. Lockheed takes your know- 
ledge of engineering principles, 
your experience in other engineer- 
ing fields, your aptitude, and 
adapts them to aircraft work. You 
learn to work with closer toler- 
ances, you become more weight 
conscious. 

What’s more, Lockheed trains 
you at full pay. You learn by doing 
—in Lockheed’s on-the-job training 
program. When necessary, you at- 
tend Lockheed classes. It depends 
on your background and the job 
you are assigned. But, always, you 
learn at full pay. 

These opportunities for engi- 
neers in all fields have been created 
by Lockheed’s long-range produc- 
tion program — building planes for 


ENGINEER TRAINING PROGRAM 


M. V. Mattson, Employment Mgr., Dept. MD-11 


LOCKHEED 


Aircraft Corporation 


Burbank, California 


defense, planes for the world’s air- 
lines. 

And remember this: When you 
join Lockheed, your way of life im- 
proves as well as your work. 

Living conditions are better in 
Southern California. The climate is 
beyond compare: Golf, fishing, 
motoring, patio life at home can be 
yours the year ’round. And your 
high Lockheed salary enables you 
to enjoy life to the full. 


Note to Men with Families: Hous- 
ing conditions are excellent in the 
Los Angeles area. More than 45,000 
rental units are available. Thou- 
sands of homes for ownership have 
been built since World War II. 
Huge tracts are under construction 


near Lockheed. 


Send today for illustrated bro- 
chure describing life and work at 
Lockheed in Southern California. 
Use handy coupon below. 


Dear Sir: Please send me your brochure describ- 
ing life and work at Lockheed. 





My Name 





My Field of Engineering 





My Street Address 





My City and State 


benmigpeanenaresamarerasand 






RAFTING Costs go down when you use Koda- 
graph Reproduction Materials to protect 
valuable drawings from wear and tear... to re- 
claim old, soiled, faded originals ...to revise or 
combine drawings... to copy prints. 

And the legibility of your direct-process prints 
or blueprints goes up when you use Kodagraph 
reproductions of your drawings in print-making. 
For Kodagraph Materials are silver sensitized. 
photographic . . . have the ability to intensify weak 
detail... step up contrast...drop out stains, 
creases. And they pass on this improved quality 
to the final prints. 


If you have a blueprint or direct- 
process machine or vacuum frame 


You can produce positive photographic interme- 
diates directly from your engineering drawings by 


Cut drafting costs... 
Get better prints... 


with Kodagraph Reproduction Materials... 
created for use in your present equipment __ 


reproducing them on any one of four types of 
Kodagraph Autopositive Materials. To do the job 
—simply expose in your present equipment . . . and 
process in standard photographic solutions. No 
negative step. No darkroom handling —a fast, con- 
venient room-light operation all the way. 


1. Kodagraph Autopositive Paper Extra Thin —the 
all-purpose intermediate material for everyday 
use—gives you intermediates on a durable, white 
paper base. Intermediates which will turn out 
crisp, clean blueprints and direct-process prints 
time after time . .. which will retain their line 
density and sharpness ...and which will remain 
\photo-lasting in the files. 


2. Kodagraph Autopositive Paper Translucent... 
has an exceptionally durable and translucent paper 
base... and a print-back speed which is 30% 
faster than regular Autopositive—an important 
advantage in large-volume print production. 


3. Kodagraph Autopositive Film—with its highly 
translucent Kodak safety film base—is especially 
valuable in reclaiming “hopelessly poor” tracings 
... and in reproducing extremely fine line detail. 
It is also widely used to reproduce catalog pages, 
etc., including half-tone illustrations. 


4, Kodagraph Autopositive Cloth — is recom- 
mended for producing the most durable prints 
(nearly exact in scale) from drawings in good 
condition. Its base is white fabric—tough, crease- 
resistant, highly translucent. 


Kodagraph Repro-Negative Paper, which is 
processed in the same manner as the Autopositive 
Materials and with the same speed and con- 
venience, enables you to produce positive inter- 
mediates directly from blueprints, Van Dykes, and 
other negative “originals.” 
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if you have any type of contact photocopying ma- 
chine, you can get negative and positive reproductions of 
improved quality at lower cost with Kodagraph Contact 
Paper. Its high-contrast photographic emulsion produces 
photocopies which are easier to read . .. with dense pho- 
tographic blacks, clean whites. And its extremely wide 
latitude and amazing uniformity end the need for split- 
second timing and trial-and-error testing. 

Kodagraph Contact Cloth, with an extremely durable, 
translucent base and with similar emulsion character- 
istics, is widely used to produce long-lasting second 
originals from paper negatives. (Unwanted design detail 
on these negatives can be blocked out before printing. ) 


‘i "SIO 


if you have an enlarger, projection printer, or process 
camera, Kodagraph Projection Papers will give you sharp, 
clean reproductions at any scale — dense photographic 
blacks, sparkling whites on a durable, Kodak-made paper 
base. Just the papers you need for reproducing your micro- 
film and other reduced-scale negatives! 

Kodagraph Projection Paper can be printed at high 
speeds and processed under comparatively bright work- 
room light. Kodagraph Fast Projection Paper can be 
printed at highest speeds but must be processed under 
low illumination. Kodagraph Projection Cloth is the ideal 
material for producing extremely durable and fast-printing 
positive intermediates from reduced-scale negatives. 








’ Increase protection ... save 98% in filing space with 


en ee Micro-File equipment. The advantages of 
are yours at surprisingly low cost 
aaa Kodagraph Micro-File equipment. 

Whether your engineering department be large or 
small, you will find a precision-built, economical micro- 
filming unit just right for your requirements. One that 
will record your valuable drawings with photographic 


accuracy and completeness on Kodagraph Micro-File 


Film—instantaneously . . . for a few cents apiece. 

Kodagraph Film Readers give you fast, convenient 
reference ... With 100% legibility. And the Kodagraph 
Enlarger allows you to produce facsimile prints in the 
desired size quickly and economically from your micro- 
film negatives. A complete line—developed and manu- 
factured by Kodak for the utmost precision, convenience, 
and economy in your microfilming. 


Kodagraph Reproduction Materials and Equipment 


For short cuts, savings, protection ... in drafting and engineering 


Write today for a free copy of 


“Modern Drawing and Docu- 
ment Reproduction.” It gives 


complete details on the revolu- 
tionary line of Kodagraph Repro- 


duction Materials, which you, 


your local blueprinter, can process 


conveniently, economically. 
Also many important facts on 


I 
| 
I 
| 
| 
Kodagraph Micro-File equipment. | 
! 
! 
! 
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=— Se ee ae MAIL COUPON FOR FREE BOOKLET 


EASTMAN KODAK COMPANY 








industrial Photographic Division, Rochester 4, N. Y. 


Gentlemen: Please send me a copy of your illustrated booklet 
giving the facts on Kodagraph Reproduction Products. 











Name Position 
or 

Company 

Street 

City Zone State 
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aircraft 
compass 


bracket 


Intricate parts like these 
are easy for powder metal- 
lurgy and Wel-Met. Made 
exactly to your specifica- 
tions, faster, at less cost. 
Metal powder parts, en- 
gineered by Wel-Met, are 


It would be difficult 


(and expensive) 


to make these parts 
any other way! 


roller 
bearing 
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signers and fabricators, may de 
scribe machinery in any one of 
eighteen classifications. Entries 
will be accepted until July 27, 1953. 

Awards in the recent undergrad. 
uate competition were made for the 
best designs of machinery and 
structures stressing the value of 
arc-welded construction. Engineer. 
ing undergraduates in 23 different 
schools received the awards, which 
total $5000, and scholarship funds 
totalling $1750 were awarded to 
the schools of the first three win- 
ners in their honor. 

First award went to Richard 


providing improved per- 
formance and lower costs 
on everything from toys to 
jet planes, and would do gear 


farm 


Cheverton and Thomas Mussle. 
white of Georgia Institute of Tech- 


machinery 


the same for your products. 
We'll gladly check your 


nology for their joint design of 
a sub-calibre mount for a recoilless 


prints and quote prices. 


FOR BETTER POWDER METALLURGY .. 


rifle. The design permits mounting 
a .22 calibre barrel in a 75 mm rifle 
for training purposes. 

Merle Geoffrion, an undergrad- 
uate in the civil engineering de- 
partment of the University of Del- 
aware, received the second awardm. 
for his design of a highway bridge 

The third award was made tom® 

* Robert Murray, a student in the 
department of architecture of 
Rensselaer Polytechnic Institut 
Mr. Murray made an analysis 
determine the economical sp 
length of standard sections. 

The program is sponsored af 
nually to encourage engineering 
students to study the possibilitie 
of arc welding as an engineering 
tool for improving the quality ¢ 
machinery and structures of al 
kinds while reducing costs. Ine 
sixth annual competition, for whi¢ 
entries are now being accepted, 
closes on June 29, 1953. All regis 
tered undergraduates are eligible 
to compete. Lincoln Foundation 
secretary A. F. Davis states that.™ 
in order to encourage participation 
by all engineering undergraduates, 
the rules of the program have been 
simplified considerably to avoid 
conflict with regular schoolwork 
and the restrictions of time. 

Rules. and conditions brochures 
for the Mechanical Design Award 
program, and rules booklets fo! 
the Engineering Undergraduatt 
Award and Scholarship Design Pr’ 
gram are available from the Lit 
coln Foundation, Cleveland 17, 


Manufacturing Plants 
KENT, OHIO 
SALEM, INDIANA 


THE WE't-MET COMPANY 


A Subsidia-v of Ferro Corporation 
122 GOUGLER A‘\'ENUE + KENT, OHIO 





6 SIZES 
*14-1000 MCM 





Saks 


COPPER TUBE AND PRODUCTS, INC. 


5752 MARIEMONT AVE. ©® CINCINNATI 27, OHIO 


ee 
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AIR CYLINDERS 


HROME PLATED 
STON RODS FOUR WEEK 
DELIVERY 


event Scratch-Damage, 


cks and Rust 
| to meet your 
RUSH 


IRT WIPER SEALS a cylinder 


stect ‘Rods, Seals, Bushings 


Lf 


a 


\ 


requirements 


. now assured by our modern 
new plant with greatly expanded 
facilities—devoted exclusively to 
the manufacture of quality cylin- 
ders. 





SOLID STEEL HEADS, 
‘APS and MOUNTINGS 


‘liminate Breakage 


lities 


ering LCP Ce a 2 





MET J.1.C. PNEUMATI 
STANDARDS years befo 
their adoption in 1950. 


WRITE FOR CYLINDER BULLETINS A-105 and H-104 


Complete Miller cylinder line includes: air cylinders, SPACE-SAVING SQUA , 


1%" to 20” bores, 200 PSI operation; low pressure hy- 

draulic cylinders, 1%” to 6” bores for 500 PSI opera- DESIGN originated by Mill 
tion, 8” to 14” bores for 250 PSI; high pressure hydraulic in 1 945 

cylinders, 1%” to 12” bores, 2000-3000 PSI operation. . 

All mounting styles available. 


MILLER MOTOR COMPAN 
SALES AND SERVICE FROM COAST TO COAST 


SlEVELAND * YOUNGSTOWN e« DAYTON e PITTSBURGH « PHILADELPHIA e 
a + HARTFORD » NEW YORK CITY « BUFFALO « ST. PAUL * GRAND 
+ DETROIT « FLINT * FORT WAYNE e SOUTH BEND « INDIANAPOLIS ‘ 
S MILWAUKEE » LOUISVILLE © KANSAS CITY « SEATTLE * LOS ANGELES « 2006 N. HAWTHORNE AVE. MELROSE PARK, 
, Noungisco e BALTIMORE e DENVER « ST. LOUIS « MOLINE « CHICAGO j 
N » TORONTO, CANADA and OTHER AREAS 
AIR & HYDRAULIC CYLINDERS . BOOSTERS . ACCUMULA 


COUNTERBALANCE CYLINDERS 








There's a 
*“Dyna-Line 
FLEXIBLE COUPLING 
to FIT YOUR DRIVE! 

4 


1/15 to 1-1/2 
Horsepower 


oe 


Min. Length 
1” to 2-3/2” 


a 


Lengths to 
Your Drive 
Design 
Needs 
Hy 


e 
seecity Guardian 
FOR BEST PERFORMANCE 
OF YOUR EQUIPMENT... 


*Exclusive Guardian Dyna-Line construc- 
tion produces a superior one-piece flexi- 
ble power connector by joining the three 
components into one unit while they 
are spinning and held in dynamic align- 
ment. 


In these couplings, the length of Flex- 
Element specified enters the function of 
needed adjustment to misalignment, or 
of added torsional damping. Exceptional 
lateral flexibility with minimum stresses 
imposed and torsional stability retained 
are controlled design features. 


Exclusive manufacturers of the Guardian 
Splined Sleeve Coupling (now with Silent 

ension), for years the standard coupling 
for the Oil Burner Industry. 


Write for C-102 
Catalog Page, also 
Drive Data Form (2 
#53 for | coupling 


rec ions 





PRODUCTS CORP. 


COUPLING DIVISION 
Dept. IC-M, 1215 E. Second Street 


Michigan City, Indiana 
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New Process Developed 
For Industrial Drying 


Using a new process developed 
at Armour Research Foundation, 
paints, inks and varnishes can be 
dried in from 2 to 20 seconds. Since 
industrial drying methods employ- 
ing heat or solvents require hours 
of drying time, this new process 
has the advantages of speeding 
production and releasing plant 
space formerly used for drying. 

Sulphur-dichloride vapor used in 
the process reacts with pigment 
oils as coated materials are trans- 
ported through an enclosed drying 
chamber on an endless belt. Dry- 
ing time depends upon the paint, 
ink, or varnish used and the ma- 
terial being coated—paper, cloth, 
metal, wood, glass or plastic. After 
treatment in the chamber, coated 
materials are dust and tack-free 
and can be handled, stacked, pack- 
aged or given a second coat. 

Meyercord Co. engaged the 
Foundation to find an improved 
method of drying decal inks, which 
take from 24 hours to a week to 
dry by conventional methods. More 
than a dozen chemicals and other 
methods of drying, including elec- 
tron bombardment, infra red, ultra 
violet and dielectric heating, were 
investigated. Sulphur-dichloride va- 
por, which dries decal sheets in two 








“Employment office? I'd like to 

hire an engineer with an in- 

feriority complex. | won't be 

able to pay him what he’s 
worth.” 








arker 





INDUSTRIAL TUBE FITTin 
STOCKS CARRIED By 


AKRON, O. 
BALTIMORE, Md. 


BEAUMONT, Tex. 
BOSTON, Mass. 
BRYSON CITY, N. C. 
BUFFALO, N. Y. 
CAMBRIDGE, Mass. 
CEDAR RAPIDS, Ia. 
CHICAGO, Ill. 
CINCINNATI, O. 
CLEVELAND, O. 


COLUMBUS, O. 
DALLAS, Tex. 
DAVENPORT, Ia. 
DAYTON, O. 
DENVER, Colo. 
DES MOINES, Ia. 
DETROIT, Mich. 
HARRISON, N. J. 
HOUSTON, Tex. 


INDIANAPOLIS, Ind. 


KANSAS CITY, Mo. 


KNOXVILLE, Tenn. 
LOS ANGELES, Cal. 


MEMPHIS, Tenn. 
MILWAUKEE, Wis. 


MINNEAPOLIS, Minn. 
NEW ORLEANS, La. 


NEWPORT NEWS, Va. 


NEW YORK, N. Y. 
NORFOLK, Va. 
PHILADELPHIA, Pa. 


PITTSBURGH, Pa. 
PORTLAND, Ore. 
ROANOKE, Va. 
ROCKFORD, Ill. 


SAN FRANCISCO, Cal. 


SEATTLE, Wash. 
ST. LOUIS, Mo. 
SYRACUSE, N. Y. 
TOLEDO, O. 
TULSA, Okla. 


CANADA 
EXPORT 


B. W. Rogers Co. 

850 So. High St. (9) 

Carey Machinery & Supply ¢ 
3501 Brehms Lane (13) 
Whitehead Metal Products 
4300 E. Monument St. (5) ) 
Standard Brass & Mfg. Co, 

705 Milam St. 

A. E. Borden Co., Inc. 

176 Brookline Ave. (15) 
Wallace Co. of Caroling 

P.O. Box 572 

Whitehead Metal Products ¢ 
2128 Elmwood Ave. (7) 
Whitehead Metal Products Cp, 
281 Albany St. (39) 

Globe Machinery & Supply ¢ 
309 Sth Ave., S.E. 

Wallace Tube Co. 

1300 Diversey Parkway (14) 
Williams & Co. 

3231 Fredonia Ave. (29) 

W. M, Pattison Supply Co, 
777 Rockwell Ave. (14) 

B. W. Rogers Co. 

1900 Euclid Ave. (15) 
Williams & Co. 

3700 Perkins Ave. (14) 
Williams & Co. The 
851 Williams Ave. (8) 

Metal Goods Corp. 

6211 Cedar Springs Rd. (9) 
Globe Machinery & Supply G, 
410 East Second St. 

J. N. Fauver Co. 

1534 Keystone Ave. (10) 
Metal Goods Corp. 

2425 Walnut St. (2) 

Globe Machinery & Supply Co. 
East First & Court Ave. (6) 

J. N. Fauver Co. 

49 West Hancock St. (1) 
Whitehead Meta! Products Co, 
1000 South Fourth Ave. 

Metal Goods Corp. 
711 Milby St. (3) SM 
Standard Brass & Mfg. Co. mot 
2018 Franklin St. (1) bot! 
Korhumel Steel & Aluminum pac 
1916 N. Meridian St. (2) thre 
Metal Goods Corp. diss 
1300 Burlington Ave. por 
North Kansas City (16) 
Leinart Engineering Co. 

412 E. 5th Ave. (5) 

Haskel Engineering & Sup. Co. 
721 W. Broadway, 

Glendale (4) 

Metropolitan Supply Co. 

353 East 2nd St. (12) 

J. E. Dilworth Co. 

730 South Third St. 

Morman Belting & Supply Co. 
522 W. State St. (3) 

Wallace Co. of Wisconsin 

838 So. 6th St. (4) 

Vincent Brass & Copper Co. 
124 Twelfth Ave., So. (15) 
Metal Goods Corp. 

432 Julia St. (13) 

Noland Company 

27th St. & Virginia Ave. 
Whitehead Metal Products Co. 
303 West 10th St. (14) 

R. W. Hudgins & Son 

3 Commerce St. (10) 

Lovis H. Hein Co. 

15 West Lancaster Ave. 
Ardmore, Pa. 

Whitehead Metal Products Co. 
1955 Hunting Park Ave. (40) 
Williams & Co. 

901 Pennsylvania Ave. (33) 
Hydraulic Power Equipment Co. 
2316 N. W. Savier St. (10) 
Noland Company 

11 Salem Ave. (10) 

Rockford Tool & Transmission Ce. 
802 Broadway 

General Machinery & Sup. ©. 
1346 Folsom St. (3) 

Eagle Metals Co. 

4755 First Ave., South (4) 
Metal Goods Corp. 

5239 Brown Ave. (15) 
Whitehead Metal Products Co. 
207 West Taylor St. (4) 
Williams & Co. 

650 E. Woodruff Ave. (2) 
Ardun Supply Co. 

317 S. Detroit 

Metal Goods Corp. 

302 North Boston (3) 

Railway & Power Engineering 
Corp. Ltd. 

Mercator Corp. 

438 Walnut St. 

Reading, Pa. 
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Let These 


RE eS 


Do Your 


DIRTY WORK 


They’re built to ignore dirt, 
dust and corrosive vapors 


SMITHway totally enclosed fan-cooled 
motor—a frame within a frame and 
both are cast iron. Efficient, high-ca- 
pacity, double-locked fan forces air 
through self-cleaning ducts. Heat is 
dissipated—dirt, dust and corrosive va- 
pors can’t get into the sealed motor. 


AST IRON construction is one of the 

many outstanding features which 
makes these motors superior under 
service conditions involving dirt, dust 
and corrosion. Cast iron frame, cast 
iron end bells—the complete enclo- 
sure is cast iron—all exposed parts 
are cast iron. Ideal for petroleum, 
chemical and other rugged industrial 
applications. 
SMITHway totally enclosed fan- 
cooled motors are built to standard 
NEMA frames to meet the highest 
Standards of electrical performance. 
TEFC motors are built in sizes from 
)to 125 HP. Parts and service avail- 
able throughout U.S.A. Get complete 
information from nearest office or 
write today. 


SMITHway totally en- 
closed non-ventilated 
motor. Standard 
NEMA frames. Cast 
iron construction of all 
exposed parts aoe 
these motors, by t 
thousands, on the job 
regardless of dust, 
dirt and corrosive con- 
ditions. Available in 
ratings from 1 to 5 HP. 


A0.Smith 


~ ° T ° . s 


5715 se nana St., Los Angeles 22, California 
1000 Webster St., Dayton 4, Ohio + Offices in Prin- 
‘ipal Cities * International Division, Milwaukee | 


MACHINE DESIGN—November 1952 








Engineering News 





seconds, solved the problem, and 
the process was subsequently ex- 
tended to other coatings and ma- 
terials. 


New Exhibits Added 
At Power Show 


All branches of industry will be 
in the scope of the 20th National 
Exposition of Power and Mechan- 
ical Engineering, to be held in 
Grand Central Palace, New York, 
December 1 to 6, under the aus- 
pices of the American Society of 
Mechanical Engineers. To be held 
concurrently with the Annual Meet- 
ing of ASME, the show will have 
many exhibits exemplifying sub- 
jects under discussion. 

The exposition covers all 
branches of the field of power from 
the conversion of energy into fluid 
forms to its application in moving 
mechanisms. Included will be the 
conversion processes themselves, 
distribution in transmission lines 
and pipelines, and many applica- 
tions within the industrial plant. 

Major exhibit classifications in- 
clude power plant equipment, power 
transmission equipment, electrical 
equipment, heating, ventilating and 
air conditioning equipment, ma- 
terials handling equipment, safety, 
building construction, plant main- 
tenance, and equipment for re- 
search and testing. The classified 
list of exhibits comprises about 350 
items. 

° 

A free consulting service is being 
offered by Bausch & Lomb Optical 
Co., Rochester, N. Y., in connection 
with its new industrial Stereomicro- 
scope. Company representatives 
wil] demonstrate how various mod- 
els of the new instrument can be 
built into machine, assembly and 


inspection setups. 
o 


The Society of Naval Architects 
and Marine Engimeers has an- 
nounced the formation of a new 
regional section to be known as 
the Eastern Canadian Section. 
Headquarters will be in Montreal, 
and Richard Lowery, vice president 
of Canada Steamship Lines, has 
been elected chairman of the new 


| section for the 1952-1953 season. 





Have 


you 
heard e@ 
about 


THE LUBRICANT OF MANY USES 


Moly-sulfide 


ALITTLE DOES A LOT 


In the shop— 
In the field 


Moly-sulfide is a 
solid-film lubricant, highly 
successful in applications in- 
volving extreme pressures, 
high velocity, fretting, elevat- 
ed temperatures and other 
difficult frictional conditions. 
We have compiled detailed 
records of 154 different ap- 
plications of molybdenum 
sulfide to actual shop and field 
problems—some of which 
might be similar to your own. 

Shopmen, engineers, lubri- 
cation specialists—write now 
for a copy of this new 40-page 
booklet. 


500 Fifth Avenue 
New York City 36.N-Y 











RESEARCH 

AND 
DEVELOPMENT 
LABORATORIES, 


one of the nation’s 
leading electronics 
organizations, is now 
creating a number of 
new openings for 
qualified electro- 
mechanical engineers 
and designers in 
important phases 

of its operations. 


HOW TO 
APPLY 


Write today to 
address below, 
giving details of 
qualifications and ex- 
perience. Assurance 
is required that any 
relocation of an 
applicant will not 
cause disruption 
of an urgent 
military project. 








TO 


ELECTRO-MECHANICAL 
ENGINEERS 


AND 


DESIGNERS 


with experience in 


PRECISION 


THE COMPANY 


The Hughes Laboratories, 
located in Southern Cali- 
fornia, are presently en- 
gaged in the development 
and production of ad- 
vanced radar devices, 
electronic computers and 
guided missiles. 


THE OPPORTUNITIES 


Opportunities are offered 
for men who will perform 
interesting work on de- 
velopment of intricate 
new devices in close asso- 
ciation with outstanding 
scientists. Activities will 
embrace a variety of chal- 
lenging problems requir- 
ing originality and afford- 
ing unusual possibilities of 
progress in learning. 


FIELDS OF WORK 


The work includes such 


fields as those involving 
Servo Mechanisms, Com- 
puters, Microwave Tubes, 
Pulse Circuitry, Solid- 
State Physics, Miniaturi- 
zation, Antennas — Wave- 
guides, Heat Transfer, 
Hydraulics—Gyros, Test 
Equipment, Subminiaturi- 
zation, Stress Analysis, In- 
strumentation, Structures, 
and Precision Production 
Mechanisms. 


YOUR FUTURE 


Working experience in 
advanced techniques em- 
ploying the above fields 
will increase your value 
to the Company as it fur- 
ther expands in develop- 
ment of electro-mechani- 
cal devices. Large-scale 
use of electronically con- 
trolled systems in business 
and industry is a certainty 
within the next few years. 


RESEARCH AND DEVELOPMENT 


LABORATORIES 


ENGINEERING PERSONNEL DEPARTMENT 
CULVER CITY, LOS ANGELES COUNTY, CALIFORNIA 
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Huge Aircraft Test 


Structure Being Built 


Designed for “destructive test. 
ing,” the largest aircraft static 
test structure outside of Wright 
Patterson Air Force Base is being 
built at the Douglas Aircraft Com. 
pany’s Long Beach division. When 
completed, the $200,000 installation, 
containing $50,000 worth of hy. 
draulic jacks and electronic gages, 
will be able to tear a C-124 to 
pieces. 

With girders 4 feet long and 2 
feet wide, the static-test machine 
can maintain severe rigidity while 
sensitive instruments register the 
yield of a member under stress. The 
machine’s concrete foundation is 10 
feet deep and, with its embedded 
steel reinforcing, weighs 3000 tons. 
In addition there are 40 concrete 
piles extending to a depth of 20 
feet underground which are cap- 
able of resisting a force of 50,000 
pounds. 

A steel track will be mounted on 
the foundation with 4500 drilled 
holes for the attachment by steel 
bolts of various hydraulic jacks 
and other testing equipment. These 
jacks can exert a force of from 
10,000 to 100,000 pounds in any di- 
rection. Some are powered with 
electric motors; others are small 
enough to be operated by hand. 

Rising nearly 40 feet toward the 
roof of the factory building, the 
overhead structure of the testing 
machine provides a clear span of 
32 feet. 


Indicates Business Has 
Tripled Since 1930's 


The tremendous increase in busi- 
ness during the past dozen or 8 
years is indicated by a recent al- 
nouncement from the Americal 
Gear Manufacturers Association. 
Future base period for the Associa- 
tion’s index will be the calendar 
years 1947, 1948 and 1949. Reason 
for the change is evident when the 
index figure for July, 1952, is com 
sidered. Based on the new figure 
equalling 100, July’s index is 145.3; 
based on the old 1935-1939 period 
the same index would be 453.9. 
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return your order! 












and the occasion for this message, is the repu- 


12 The Rivett organization is doing a tremendous 
ine job of trying to keep up with the demand that tation for quality which Rivett products have 
rile 





has developed during the past several years for earned. We must maintain our standards of 





Rivett components. We are receiving more workmanship in the face of this increased busi- ! 
valve and cylinder orders today by far than we ness. And when you send us an order for equip- | 
thought possible 18 months ago. ment which is not catalogued as a standard 
| 

| 

| 

| 

| 

| 

| 







Capacity has been increased, new machinery _ item, we cannot always make delivery as quickly 





installed, production techniques improved, and —_as we both would like. It brings tears to our 





a large inventory of finished parts built up, eyes when we find you will not wait a very 





ready for assembly. short while for the extra quality of a Rivett 


The one thing responsible for this demand, __ specially designed component. 




































ed 
ee] 
ks 
} e e . 
ee To help expedite your Rivett order, we offer these suggestions: 
ym 
li- 
th 4 Contact your Rivett representative. He can recom- 3 Anticipate your requirements early and place your 
a] mend the correct valves and cylinders an® make order promptly. 
Circuit suggestions which may save you time and 
he money. Also, he may have in his stock the exact 4 If you do need a special design and cannot wait a 
ne component you need. And he can improvise your short while for the extra quality of Rivett, then 
1g circuit until new Rivett components arrive. ask your Rivett representative to recommend the 
of 2 Stick to standard components in designing your next best source who can handle your require- 
circuit. Rivett catalogs over 400 standard models, ments. His suggestion may help to save you time 
and can deliver faster from semi-assembled stock, and money later. 
Newark & New York—Compressed Air Products, Detroit, Mich.—Fors Sales Co., 2832 E. Grand Blvd. Minneapolis, Minn.—Anderson Machine Tool Co., 
sl my? Ave., Maplewood, N. J., 257 Flint, Mich.—Shively Sales Company, 719 E. 2nd Ave. 2641 University Ave., St. Paul 4, Minnesota 
reenwich St., New York City 7, N. Y. a ie Denver, Col.—liver J. Esbenson Co., 1249 Calif. St. 
i If Philadelphia, Pa.—The Battersby Co,3701 N.BroadSt. AAS Sas Milwanetee achiin Engineering 134 Angeles, Calif.—The Paul-Munroe Co, 4867 
9 Boston, Mass.—L. W. Sheehy, 1104 Park Sq. Bldg. StL te. Me.— Willi Sch ¢ 6376 ql Rd. E. Gage Ave., Bell, Calif. 
Baltimore, Md.—Collifiower, Inc, Baltimore National >" Levis, Mo.—= William Scheer Co., ayton Rd. san Francisco, Calif.—Ditzen Engineering and Sales, 
\- Pike, Ellicott City, Md. Dayton, Ohio—Seifreat-Elstad Machy., P.O. Box 332 600 16th St., Oakland 12, Calif. 
Rochester, Syracuse and Buffalo, N. Y.—Windhei Cincinnati, Ohio—Seifreat-Elstad Machy., P.O. Box Oregon and Washington—Hydraulic Power Equip- 
i Tool Company, 24 Ford St., Rochester 8, N. Y. 2508 ment Co., 2316 N. W. Savier St., Portland, Ore. 
’ Pittsburgh, Pa.—F. R. Magill Co., 44 McKnight St. Columbus, Ohio—Seifreat-Elstad Machy., P.O. Box 922 Canade—Duncan Machinery Co., Ltd., 1922 Wyandotte 
Geveland, Ohio—Garco Machy. Co., 21000 St. Clair Columbus, Ga.—Bunn H. Martin, P.O. Box 350 St. East, Windsor, Ontario; 371 Bay St., Toronto 





RIVETT LATHE & GRINDER INC. « Brighton 35, Boston, Mass. 
Department MD 11 






furnishes a complete power package 
VALVES © CYLINDERS © POWER UNITS 
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Since 1907—for 45 years—The 
Cincinnati Gear Company has 
been producing Gears— 
Good Gears Only. Expert, 
efficient craftsmen, work- 
ing with top quality 
materials, have built for 
The Cincinnati Gear 
Company an enviable 
reputation. So, no matter 
what your gear requirements 
might be—no matter how large 
or small the order—write, wire or 





; = Quality | 
Craftsmanship | 


call for estimates, prices and complete details a 





ee 









Spur 
Helical 
Worm 
Herringbone 
Internal 
*Coniflex Bevel 
Spiral Bevel 


Spline Shaft 
*Reg. U. S. Pat. Off. 

















AMAZINGLY FAST 
AND ACCURATE! 


“CURTA” 
Portable Calculator 
IMPORTED—Made by Swiss watchmakers 


A NECESSITY FOR EVERYONE 
WHO WORKS WITH FIGURES 


®@ Carries to Five Decimal Places 
®@ Totals to 99 Billion 

@ Adds ® Subtracts * Multiplies 
® Divides * Square Roots 

@ Cubes ® Factors ® Percentages 


The Curta Calculator is so fast it pays for 
itself over and over again in time saved. It 
combines the portability of a slide rule with 
the speed and accuracy of large desk calcu- 
lators. 

A fine precision instrument, sturdily built of 
anodized steel to give years of service. 
Weighs only 8 ounces. Absolutely accurate. 
Figures can be checked and rechecked on 3 
sets of dials—guaranteed for one year. 
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| NEW HAND CALCULATOR 


CURTA CALCULATOR CO., 3851 W. MADISON, DEPT. F. * CHICAGO, ILL. 





wa 4 


ORDER NOW ON 10 DAY 
TRIAL ‘oxney MONEY BACK 


ORDER 


IF NOT SATISFIED 


65 Residents 

WITH RUBBER LINED | ply) 
a 

METAL CASE State Tax 


Fed. Tax 


WRITE NOW "FOR COMPLETE 
DESCRIPTIVE LITERATURE 








Engineering News 








Westinghouse To Develop 
Large Atomic Engine 


An atomic power plant “suitable 
for the propulsion of large naval 
vessels such as aircraft carriers” 
will be built by Westinghouse Elec- 
tric Corp. The present contract be- 
tween the Atomic Energy Con- 
mission and Westinghouse has 
been modified to include develop- 
ment work on such a nuclear re- 
actor, it was recently announced 
by Charles H. Weaver, manager of 
Westinghouse Atomic Division. 
Work on the new reactor project 
will be centered at the Atomic 
Power Division Bettis plant near 
Pittsburgh. 















° 





At the 24th Annual Meeting of 
the Gray Iron Founders’ Society, 
held October 16 and 17, the follow- 
ing officers were elected for 1953: 
president, H. J. Trenkamp, Ohio 
Foundry Co.; vice president, T. I. 
Curtin, Waltham Foundry Co; 
secretary, C. H. Ker, Dalton Found- 
ries Inc.; and treasurer, W. 0. 
Larson, The W. O. Larson Found- 
ry Co. 









” 


Shakeproof Inc., a division of 
Illinois Tool Works, Chicago, has 
announced the opening of a new 
plant in Des Plaines, Ill., for the 
production of metal fastening de- 
vices and special precision stamp- 
ings. This new plant makes pos- 
sible an expansion of the defense 
tooling program of the parent com- 
pany. Manufacturing space made 
available in the Chicago plant will 
be devoted to the production of 
gear measuring machines, metal 
cutting tools and machine tools. 
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> Whatever your drive problems, the motor with the 

Fairbanks-Morse Seal can be an important factor 

in the future success of your motor-driven equipment. 
: For example, when you need synchronous machinery, look for 
“a the F-M Seal—as have users of over 5,000,000 horsepower Oe 
he of this type of equipment. That Seal is your assurance of I * 2-8 
e- pioneered improvements, proved design, quality manufacture oe 
p- and top performance—factors to figure in your future. sf, 5 _ 
s- o 4 
Se When you look for electric motors, look for the .° : : 
J Fairbanks-Morse seal. For over 120 years it has stood for 5°.°?. 


the finest in manufacturing integrity— 
to all industry. Fairbanks, Morse 
] & Co., Chicago 5, Illinois. 
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Engineering News 





New Jet Plane 


Completes Carrier Tests 


With more than 370,000 engi- 
neering hours behind it, the swept- 
wing XFJ-2 Fury has successfully 
completed its first carrier suitabil- 


ity tests. This airplane, which ig 
a in the early stages of production 

by North American Aviation, is an 

advanced version of the FJ-1, the 


Navy’s first operational jet. Com- 


insert pletely redesigned, it incorporates 


: many improvements, including an 
; especially designed wing with a 35- 


oe ‘ll 7 | degree sweepback and a hydraulic- 
wi give you i ally powered “Flying Tail.” 


* 





The saw manufacturing concern 
of E. C. Atkins and Co. of Indian- 
apolis was recently acquired by 
Borg-Warner Corp., Chicago. It 


Wedr, stripping and eG. __ |; will be operated as the Atkins Div. 
corrosion in all tapped aor 
threads. It permits 
cleaner, more functional 
product design... 

seit haste guotal 


it may save you 
are being improved by the | setbacks in steel production caused 
many a sleep less inclusion of Heli-Coil screw by the steel strike, recovery was 


. wore Mcgee Ror pire | much more rapid than expected by 
nig ht. Why not sented in MELI-CALL, a: both industry and government fore- 
periodical which is yours casters. Steel production quickly 
. ° for the asking. Use the rose to a record rate, and is expect- 
look into it? pe gate A are ed to continue to a new high of 
‘ 116 million tons by the beginning 

“Ree. U.S. Pac. OF of next year. 
This fact, coupled with estimates 


e i by NPA that manufacturers would 
HELI-COIL CORPORATION I not be able to use up uncashed 


131 SHELTER ROCK LANE, DANBURY, CONN. third and fourth-quarter CMP 
tickets before the first quarter of 
1953, led to a rosy picture of the 
steel supply situation. Accordingly, 
definite plans were made to relax 
some controls on construction by 
May 1; automobile manufacturers 
were cut to a 60 per cent first- 
quarter allotment, since third and 
fourth-quarter allotments were eX- 
pected to carry production into 
next year; and general feeling in 


Report on Materials 


Ending the Controlled Materials 
Plan is going to be a touch-and-go 
affair. As late as the middle of Oc- 
tober, most indications pointed 
: toward a termination of controls 
/E® >? on the major metals by mid-year, 
SY 1953. But later trends seem to re- 

| verse this point of view. 

Here is the situation. After the 


er ee I 


() Please send catalog, giving full engineering specifications 
() Please send Heli-Call, a free case-history periodical 
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HANNIFIN HAS THE 
MOST COMPLETE LINE 
OF AIR CONTROL 

. EQUIPMENT! 





NEW! REVOLUTIONARY HANNIFIN 
P-M Pilot-Master Valves 







Piston-operated poppet design. 2 and 3-Way 








" Exclusive replaceable cartridge for Valves. 

easier maintenance. Speeds to 600 Same valve operates - 
cycles per minute. Pressure from 2-way or 3-way, nor- 

e 15 to 150 p.s.i. Integral, solenoid- mally open or nor- 

d controlled pilot heads or a choice mally closed. Ye" to 

< of 10 separate pilot valves for VA" LP.S. 

y remote control. 


@ Fewer Valves to Stock 

@ Fewer Parts to Stock 

@ Maximum Interchangeability 
@ No Springs in Main Valve 


Write for Bulletin 231. 





4-Way Valves. 


Two 3-way valves 
mounted in compact, 
common body. Two 
piston poppets. Two 
cartridges. %”", 2", 
Ya" 1.P.S. 








EXCLUSIVE REPLACEABLE 
CARTRIDGE 






AIR WARDEN 


Air filters, pressure 
regulators and lubri- 
cators to protect air 
operated equipment. 
Bulletin 1010B. 
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of pneumatic cylinders is made with 
two types of pistons . . . bores from 
1” to 16”. . . six standard mount- 
are tooled to tolerances that assure 
accurate mounting to make assem- . 
bly to your machines easier. Really 
built, each cylinder is “TRU- 
BORED” and honed, piston rods 
are ground and polished, inter- 
changeable end caps, heavy duty tie 
rods .. . rugged, yet precision con- 
struction throughout! 


Write for 









Disc Type 


Air Control Valves 
Designed for smooth, positive and ac- 
curate control of air-operated equipment. 
Bronze discs lapped to perfect seal with 
seats. Packless design. For hand, foot or 
electrical operation. Sizes: Vs" to 1%’ LP.S. 


HAN Nw 


Hannifin Corporation, 1115 S. Kilbourn Ave., Chicago 24, Ill. 
Air and Hydraulic Cylinders © Hydraulic Power Units © Pneumatic and Hydraulic Presses ® Air Control Valves 
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Leonardo DaVinci 
(1452-1519) gave to the 
world its first plans 
for a flying apparatus. 


eam iy SL 
Cm 


re 8 of Chae 


-+-an industry with vision 


An industry that by its own 
imaginative design created the need 
for manufacturing with the 
same intensity of imagination and vision. 
Indiana Gear is such a 
manufacturer—a company of craftsmen 
dedicated to producing the finest 
in precision parts fo back up 
the design intelligence of this great 
technologically-minded country. 


This 450 H.P. main gear box 
of approximately 12 to 1 
reduction for the Sikorsky 
S-51 Helicopter was fab- 
ricated in its entirety by 
L.G.W.'s skilled craftsmen. ' 


INDIANA GEAR 


INDIANA GEAR WORKS, INC. « INDIANAPOLIS 7, INDIANA 
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Washington had NPA getting 
ready to pack its trunks and silent. 
ly steal away. 

Now, there is a serious doubt 
whether all is calm and peaceful, 
Automobile manufacturers have 
used up their third and fourth. 
quarter allotments much faster 
than forecasted; latest returns in. 
dicate that these tickets will all 
be used in the fourth quarter, and 
that the 60 per cent allotment of 
steel by NPA will not be enough 
the first quarter. There is some 
suspicion that the same situation 
will be true in other industries. 

So it seems that decontrol es- 
timates will again be tossed back 
into the laps of the crystal-bal] 
gazers. Possibly the pessimistic es- 
timates calling for decontrol in late 
1953 or 1954 which were current 
at the end of the steel strike may 
not be so wrong after all. If, how- 
ever, manufacturers are forced to 
stay within their current allot- 
ments—probably a highly unpopu- 
lar method with industry—the sit- 
uation might rectify itself faster. 


Copper Still Tight: Although 
recommending continuance of stud- 
ies for “eventual” decontrol, NPA’s 
advisory committees from industry 
are not optimistic on the supply 
situation in copper. Thus the Wire 
and Cable committee recommends 
no change in the present method of 
allocating copper, pointing out that 
copper is not in plentiful supply 
now and probably won’t be until 
some time in 1953. The Brass Mill 
Industry committee apparently 
agrees and also asks for no change 
in allocating procedure. 

Primary copper producers, how- 
ever, blame government activities 
for limiting the supply. Price of 
copper seems to be the biggest 
deterrent. “We are now in the 
stage where, if controls don’t work, 
the thinking is that new controls 
should be added,” said several in- 
dustry advisory committee mem- 
bers. “Copper prices should be de- 
controlled and it is absolutely nec- 
esesary to get rid of the 241% cents 
per pound price in order to reach 
the production goals in refined 
copper.” In addition to price de 
control, copper producers feel that 
stockpile purchases should be de 
ferred until the price situation has 
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¢#t ROLLER CHAINS? 
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DIARLOND 
0 me © | 
> 


For the past sixty-two years the Diamond Chain Company has continu- 
ously devoted its efforts to the attainment of higher quality in the product, 
and the constant expansion in the use of roller chain as a superior mechani- 
cal means of power transfer. . . Research, testing and engineering develop- 
ments have always been factors of first consideration at Diamond Chain. 


FOR EXAMPLE: — 


1 Diamond Chain has improved the pin and bushing 
* holes in the link plates by proper pitch hole pre- 
paration. Pins and bushings are case hardened. 


2 Diamond Chain has long recognized that certain 
* types of internal stressing of chain parts would in- 
crease fatigue resistance. To this end, link plates 
have been specially processed and chain rollers and 
other parts have been shot-peened since 1944. 


Diamond Roller Chain is constantly improved. 
Time tested improvements become standard for 
production as soon as established and certified. 


Fully equipped and well staffed chemical and 
physical testing laboratories have made it possible 
to control raw material specification, their treat- 
ment and processing. 
Diamond Chain has established production process- 
ing methods and quality controls through multiple 
inspection to insure uniformity of high quality in 
continuous production runs. 
o As always the Diamond trade-mark on roller chain 
* is the Hall Mark of Quality. 


DIAMOND CHAIN COMPANY, Inc. 
Dept. 435 402 Kentucky Avenue, Indianapolis 7, Indiana 
Offices and Distributors in All Principal Cities 


ES 1)IAMO 


DIAMOND 
"a 
Pm 74 
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where HARD RUBBER is right.. 


use it! 


CORROSIVES 


»-. can’t hurt 


ACE molded parts 


Because ACE hard rubber is completely unaffected 
by most chemicals and doesn’t object to water in the 
least, it's ideal for parts like this rayon candle filter. 

One of the strongest plastics (tensile up to 10,000 
psi.), ACE hard rubber is good for tough jobs, too. 
Easy to machine (the threads above, for example), 
easily polished (like your faithful ACE comb), it does 
a better job at lower cost in thousands of parts from 
bearings to magneto parts and water meter pistons. 
We can mold it for you, extrude plain and fancy 
shapes, supply sheets for punched parts, line .or 
cover metal with it, and even make large, intricate 
parts by hand-wrapping. 

Ask for valuable design Handbook on ACE Hard 
Rubber and Plastics. 


American Hard Rubber Company 





93 WORTH STREET + MEW YORK 13, WW. Y. 
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been resolved. 


Zinc Supplies Ample: Many en. 
gineers apparently still feel that 
the zinc supply situation is tight, 
although such is not the case. Goy- 
ernment restrictions on the use 
of zinc (allocation, delivery and 
use controls) ended last May, be- 
cause of an improved production 
and supply situation. According to 
the American Zinc Institute, this 
improvement was not temporary, 
and for the foreseeable future zinc 
reserves are adequate for all needs. 

The Institute points to these 
facts: (1) Zinc is no longer classi- 
fied as a critical and scarce mate- 
rial; (2) The government is no 
longer stockpiling zinc regularly; 
(3) Slab zinc production is high, 
stocks are adequate, and price is 
low; (4) World zinc mine reserves 
are adequate for expected future 
needs. Thus, the Institute says, 
“conservation” of zinc is no longer 
necessary. 


In a Pickle Over Nickel: Any 
apparent improvement in _ nickel 
supplies, NPA recently told men- 
bers of the Stainless Steel advisory 
committee, is the result only of 
temporary adjustments and 
changes in certain demands and 
programs. Stockpile requirements 
for nickel are still as great as ever, 
and military and Atomic Energy 
Commission requirements are like- 
ly to increase greatly. Demand for 
nickel for jet engines alone is ex- 
pected to double by the fourth 
quarter of 1953. 


Aluminum Supplies Reduced: 
Shortage of rainfall in the Pacific 
Northwest, which was expected at 
press date to cause a loss of some 
what under 90 million pounds of 
the metal, may in the next month 
cause an additional 30-million 
pound loss. Serious power short- 
ages have occurred due to the lack 
of rainfall, greatly affecting aluv- 
minum production. 

Last year, 414 million pounds 
of the metal were lost. This year, 
if the total loss reaches the 120- 
million pound figure expected by 
many, the total amount available 
will be cut some 5 per cent. Since 
aluminum demand has been on the 
upturn in recent months, this 
shortage could have serious effects. 
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Tubing Connection 
Problems... 
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TUBE MOVEMENT 


HIGH PRESSURE 
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IMPERIAL FLEX FITTINGS — The tube coupling 


with the vibration and shock absorbing sleeve. 





IMPERIAL HI-DUTY FITTINGS — Unsurpassed 
for speedy, low-cost assembly. Withstands vibration. 
No loose sleeves to contend with. No flaring. 





IMPERIAL FLARE FITTINGS — Both standard 
and heavy-duty types. Withstands severe tensile pull 
and high pressures. 


we ae 


IMPERIAL COMPRESSION FITTINGS 


—Simple, efficient, economical. 











IMPERIAL FLEXIBLE HOSE and FITTINGS 
—For use where there is tube movement in lines for oil, 
grease, air, liquids, etc. 





IMPERIAL ALUMINUM HI-DUTY FITTINGS 
— Ideal for all-aluminum installations. Lightweight, 
strong, good corrosion resistance. 


IMPERIAL SHUT-OFF 
VALVES -2, 3 and 4-way. 
HI-DUTY and standard 


types. 





IMPERIAL 
TUBING TOOLS 
A complete line of the 
leading tools for cut- 
ting, flaring, bending, 
reaming and swedg- 
ing tubing. 


Ask for ——_ No. 350 








' IMP ERIAL .. Pioneers in Tube Fittings and Tube Working Tools 


THE IMPERIAL BRASS MFG. CO. 513 S. Racine Ave., Chicago 7, Ill. 








In Canada: 334 Lauder Ave., Toronto, Ontario 


HE invincible logic of J. P. 

Henderson’s arguments and 
his candid approach to the facts 
of everyday living are _ usually 
somewhat overwhelming. As in 
the past, his remarks are not al- 
ways confined to departmental per. 
sonalities. At times, the field of 
human relations draws his atten- 
tion—and his appraisal. This 
month he recommends some prat- 
tices in personal living. We sus- 
pect the issue is controversial. 


“Front, Boy!” 


Several weeks ago, I had to take 
a trip to New York. In the club 


PROBLE M: Provide a vibration-free drive for an aircraft accessory car going down, I sat among a 
which permits the unit to be mounted at a distance group of young men who, it turned 
from the power ‘source, where it will be readily acces- out, were chemists. Along with 

oe ae ay ee a more general conversation they 


discussed the difficulties of ever 
SOLUTION: An S.S White flexible shaft, of course. being anything but salaried em 


When you have a problem involving the transmission of 
rotary power or mechanical control, it will pay you to 
consider using S.S.White flexible shafts. These pliable 
“Metal Muscles”® can be run from one point to another, 
around turns and over obstacles, as easily as electric wiring. 
Since they require no alignment, they'll allow you to mount 
driving and driven or controlled parts wherever desirable 
to secure highest efficiency, to simplify assembly and to 
save space. 


Our engineers will be glad to cooperate with you in 
applying flexible shafts to any application you may have 
in mind. Write to us giving particulars or ask us to send 
one of our engineers to your plant. There’s no cost or 
obligation and all details will be held in strictest confidence. 


FREE FLEXIBLE SHAFT HANDBOOK 


256 pages of authoritative, up-to-date in- 
formation on flexible shaft selection and 
application. Copy sent free if you re- 
quest it on your business letterhead. 





ployees. What chance did they have 
of going into business for them- 
selves? What could they do but 
work in industrial laboratories o 
research organizations, or teach’ 

Setting up in business these days 
was too difficult, too complicated 
It not only took a lot of capital 
but too much specialized know 
edge. Before they could buy a test 
tube or hire a flunky, they should 
employ a tax expert, a personnel 
man with knowledge of labor laws 
and several expert accountants. : 

One chap, presumably in his 
early thirties, expressed the de- 
sire to gamble just once in his pre 
fession before settling down to the 
struggle of climbing the hill of the 
salaried employee. Wasn’t there 
some way he could take a long 
chance in advancing himself pro 
fessionally, gambling on making 
more money legitimately? If " 
failed—well, he would at least have 


kite MT left th i 
e . . + 1 

I left them, still arguing, w 
™ ctiernnd. IVISION their strange chemical concoctions 


DENTAL MFG. CO. Dept. 4, 10 East 40th St. in front of them. 
j—_ NEW YORK 16, N. Y. As I registered at the hott! 


aided by an ex-ambassador wit! 








° ” ! 
a carnation, he commanded in wel 


Western District Office * Times Building, Long Beach, California 
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CONTROLLED 
TIMER 


at a price you can 
afford 


Practically non-breakable, 
Durakool Pre-set Timer Relays 
have more than proved them- 
selves on the roughest and 
toughest jobs that could be 
faund. Year by year, their use 
increases, in sensational fashion. 
Controlled time available from 
15 to 20.0 seconds in either 
normally open or normally 
closed actions. 3 to 4 week 
delivery, No waiting. Your 
production schedule is met. 








No false contacts 
No chatter 
Quiet in operation 


Eliminates double confacting 
or breaking of circuit 


See telephone directory for local 
distributor or write 


DURAKOOL, INC., Elkhart, Ind. 


Durakool 


ALL-STEEL MERCURY 


(met 
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Stress Relief 





modulated tones, “Front, boy.” 

Right then I knew I had the par- 
tial answer to the chemist’s or oth- 
er technical men’s problem. It was 
the succinct answer I had been 
looking for—Front. 

How can a young employee take 
a gamble that might pay off in 
more rapid promotion? Front is 
the answer, and here is what I 
mean by it. 

A young man right out of col- 
lege takes a job and works up in 
a modest way to a certain position. 
Sooner or later, he may change 
jobs, moving to a new location. 

While it is not expedient for 
everyone to move around, if such 
a change is made, it has some ad- 
vantages that often are not ex- 
ploited. One advantage of a move 
rests in leaving all of one’s early 
mistakes behind. His new associ- 
ates never saw him as a youth. 

Is he a big shot, or just average 
stuff? Sooner or later, the new 
employee is going to be classified 
by his bosses. What is easier than 
for them to take him simply at his 
own valuation? 

The point is, we are all mentally 
lazy. We don’t stop to analyze 
and classify people accurately; we 
just label them unconsciously. As- 
suming a young man has the stuff, 
if he acts like a reasonably big 
shot, we think he is a big shot. 

So, he moves to the new job 
and rents or buys a house. What 
he should realize is that if he 
chooses to live in a dump, he is 
likely to harm his prospects. Start- 
ing out just fresh from college, he 
lived modestly; with high expenses 
he skimped, accumulated some pos- 
sessions and saved a little money. 
The move is a fresh start. Can he 
barely afford a good house, in the 
right neighborhood? Will they be 
proud to entertain there? Are there 
some modest clubs to which they 
could belong? 

There’s where the gamble comes 
in; he’s risking his financial pic- 
ture in the hope that he can estab- 
lish himself on a certain level and 
make a reasonable impression as 
an up and coming young man. It’s 
front, and because we are all men- 
tally lazy, he might convince us. 

If I should tell my next-door 
neighbor who is in the insurance 





ge - 
custom-engineered 





Since 1909, the job of The Electric 
Products Company has been to 
create and develop special electrical 
rotating equipment... motors 

and generators to do existing jobs 
better or to reach into new fields 
to do jobs that couldn’t be done 
before. The natural “by-product” 
of our more than 40 years of 
specialization is that you get 
equipment designed and built to 
the exact requirements of your 
application . . . equipment that has 
greater dependability, longer life 
and that requires less maintenance. 


Send in the coupon below for 
detailed information about our 
Custom-Engineered synchronous 
motors and generators .. . d-c 
motors and generators... induction 
motors ... battery chargers... 
frequency changers. 


A nation-wide sales engineering 
and service organization stands 
ready to meet all User requirements. 


THE ELECTRIC 
-PRODUCTS COMPANY. 


1715 CLARKSTONE ROAD 
CLEVELAND 12, OHIO 


Attach coupon to your 
letterhead for your copy 
of Bulletin 2-200 
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The correct 
oil film 
to each 


individual 


bearing 
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Sfow ZO LUBRICATE 


A HORIZONTAL DOVETAIL WAY 


View of saddie on Kearney & 
Trecker CK Milling Machine with 
table removed to show grooved 
ways, table nut, and lubricator la 
lower right corner. 


...as KEARNEY & TRECKER does it 


with a BIJUR SYSTEM 


To maintain a constant oil film between the table and 
saddle ways and also between the saddle and knee 
ways was the problem here. Both problems were solved 
by building a lubricator into the saddle... controlling 
the oil flow thru a system of meter-units at all four ways 
and both knee and table nuts... spreading the oil 
evenly over all way surfaces thru "Z" grooves in the 
saddle ways. This is another example of Bijur “team- 
work for bearing protection.” For aid in solving your 


lubrication problems, call in a Bijur engineer. 


LUBRICATING CORPORATION 
Rochelle Park, New Jersey 

















Stress Relief 








business, that I was handing out 
advice like this, I would be thor. 
oughly scolded. “That’s what's 
wrong with this country today,” he 
would say, “Too many people try- 
ing to live beyond their income, 
putting on front instead of money 
in the bank.” 

That’s probably true in general, 
and many people need this opposite 
advice. But the technical man 
seems to lean over backward in 
his conservative attitude towards 
front. What the technical man 
must realize is this: 

Before you can occupy an execu- 
tive position, your boss must be 
able to imagine you in such a job, 
He must have a mental picture of 
you behind a mahogany desk, re- 
ceiving important visitors grac- 
iously. 

Riding to work in your sweat 
shirt on that old bicycle, from your 
hovel down by the city dump, 
makes it very difficult for the pres- 
ident to consider moving you into 
that thickly carpeted vacant office 
next door to him. He may have 
a lot of imagination, but not that 
much. 


























—J. P. HENDERSON 














They Say... 






“You [the engineer] therefore 
owe everything that you have to 
give in honest and sincere effort 
toward engineering progress. Dis- 
honesty is inconceivable in even 
the smallest detail of a profession- 
al mission. Carelessness and sloth 
are but little less reproachable. In- 
tegrity and energy deepen the 
luster placed upon the profession 
of engineer by the master builders 
of the past. Disclosure of ad 
vances must be given freely to aid 
in educating the engineers of the 
future. Thus with each generation 
rising above the teaching of its 
forerunner, progress by employ: 
ment of science is the gift of et 
gineering to mankind. With this 
gift must go the engineer’s unen¢- 
ing effort that ethics may mark its 
use and morality remain its ma* 
ter.”—L. E. GRINTER, vice presi 
dent, American Society for Engi 
neering Education. 
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PRODUCT DESIGN 


This is a handle for a mud shaker screen— 
a device used in oil field drilling to strain 
chips out of the drilling mud. 

These handles formerly were fabricated 
by blacksmith methods, the handle part 
proper being made from 1” round, and the 
shank from '4” strip. 

Conversion toa foundry engineered steel casting 
reduced thecost of these handles approximately 
49%. As shown above, another advantage of 


the steel casting is improved appearance. 
* + 


Here is another example of the engineering 
teamwork in design and redesign of parts 
which is resulting in lower costs and 


STEEL FOUNDERS’ 


920 Midland Building 
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STUDIES @ NO. 43 


improved serviceability with steel castings. 


This service is offered without cost or 
obligation. It makes available through your 
foundry engineer the full results of the de- 
velopment and research program carried on 
by the Steel Founders’ Society of America. 


Keep The Scrap Coming Back... 
There is a continuing need for steel scrap. Your 
company can help maintain the high production 
of all metal products by getting your scrap into 
the hands of your scrap dealer. Will you do what 
you can to help... now? 


SOCIETY OF AMERICA 


Cleveland 15, Ohio 











You lick many 


“adverse operating conditions” 
when you put FELT to work 






getting top-notch operation in spite of oil or 
: heat or cold, moisture or pO 





could be the answer to your problem. 


ML 
Just think of the many problems that can be 


solved with felt the material that cant 


rust, wont break, resists a great number of 





/#) Sexe chemicals and acids. 


And the beauty (¥ of itis that you can get 









For more information about felt “KS hard 
- i 

you can grind it without any fraying \ 
soft ty you can wrap it around your finger 


or so 


vos SUN th to us today. 
return the coupon tO us to We 

ee Ga Cee 
The FELTERS COMPANY 


Manufacturers of Unisorb for Machine Mounting 
210-MD SOUTH STREET, BOSTON 11, MASS. 


Gentlemen: Please send me details on Felters Felt and Felters 
Precision Cut Felt Parts. | have the following material problem: 























* 
Meetings 
AND EXPOSITIONS 





Nov. 10-14— 
National Electrical Manufactur. Dec 
ers Association. Annual meeting # A 





to be held at Haddon Hall, Atlan. 
tic City, N. J. W. J. Donald, 155 
East 44th St., New York 17, N. Y, 
is secretary. 







Nov. 12-15— 

Society of Naval Architects and 
Marine Engineers. Sixtieth anni- 
versary meeting to be held at the 
Waldorf Astoria Hotel in New 
York, N. Y. Additional informa- 
tion may be obtained from society 
headquarters, 29 West 39th St, 
New York, N. Y. 







Nov. 19— 

American Standards Association. § jan, 
Annual meeting to be held at theB . go 
Waldorf Astoria Hotel, New York,§ Ann 
N. Y. Additional information may§ disp) 
be obtained from society headquar-§ (Cadi 
ters, Grand Central Terminal Of-§ jitio 
fice Bldg., 70 East 45th St., Newli taing 
York 17, N. Y. 9 Y 





Nov. 20-21— 

American Society for Quality# jap. 
Control. Seventh midwest confer§ py, 
ence to be held at the Claypool Four 
Hotel, Indianapolis, Ind. Addi hejg 
tional information may be obtainelff Cley, 
from society headquarters, 70 East form. 
45th St., New York 17, N. Y. the ¢ 


Nov. 29-Dec. 4— New 
American Society of Mechanical 
Engineers. Annual meeting to bff Jap, | 
held at the Statler Hotel, Ne" go, 
York, N. Y. C. E. Davies, 29 Wes Nint} 
39th St., New York, N. Y., is 8° to be 


retary. Bosto 
tion : 
Dec. 3-5— headq 


American Management Associs‘§ Bldg., 
tion conference to be held at Hote 
Statler, Cleveland, O. Addition Jan, 2 
information may be obtained fromm Int, 
society headquarters, 330 Wes§ tilatin 
positi 


42nd Street, New York, N. Y. 





Dec. 3-5— 
Society for Experimental Stré 
Analysis. Annual meeting and & 
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Meetings and Expositions 











position to be held at Hotel McAl- 
pin, New York, N. Y. W. M. Mur- 
ray, Central Square Station, P. O. 
Box 168, Cambridge 39, Mass., is 
secretary-treasurer. 






ur- & pec. 4-6— 

ing # American Institute of Mining & 

an- § Metallurgical Engineers. [Electric 

155 # furnace steel conference to be held 

Y., fat the William Penn Hotel, Pitts- 
burgh, Pa. Additional information 
may be obtained from society head- 
quarters, 29 West 39th St., New 

und @ York 18, N. Y. 

:ni- 

the # Dee, 15-17— 

lew American Society of Agricultural 

na-§ Engineers. Winter meeting to be 

etyBheld at the Edgewater Beach 

St. I Hotel, Chicago, Ill. Raymond Ol- 
ny, P. O. Box 229, St. Joseph, 
Mich., is secretary. 

ion. F Jan, 12-16— 

the . Society of Automotive Engineers. 

rk, # Annual meeting and engineering 

nay § display to be held at the Sheraton- 

lal § Cadillac Hotel in Detroit, Mich. Ad- 

Of-B ditional information may be ob- 

lew tained from society headquarters, 
29 West 39th St., New York 18, 
N. Y. 

lity Jan. 19-22— 

fer Plant Maintenance Conference. 

00! Fourth annual conference to be 

id B held at the Public Auditorium in 

ned Cleveland, Ohio. Additional in- 


formation may be obtained from 
the exposition management, Clapp 
& Poliak Inc., 341 Madison Ave., 
New York 17, N. Y. 

ical 
Jan, 21-23— 

Society of Plastics Engineers. 
Ninth annual technical conference 
to be held at the Hotel Statler in 
Boston, Mass. Additional informa- 
tion may be obtained from society 
headquarters, 409 Security Bank 
Bldg., Athens, Ohio. 


yew 
Jest 
sec: 


ote! 
nal 
on 
Jest 


Jan. 26-30— 

International Heating and Ven- 
tilating Exposition. Eleventh ex- 
position to be held at the Interna- 
tional Amphitheatre in Chicago, 
lll. Charles F. Roth, 480 Lexing- 
ton Ave.. New York 17. N. Y., is 
manager. 


MACHINE DESIGN—-November 1952 



















Are Your Laboratories Overloaded ? 
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A PRACTICAL SOLUTION TO THE PROBLEM OF 
TECHNICAL MANPOWER SHORTAGE 
















Are you interested in the possibility tine testing and analytical schedules. 
of getting some of your testing Why is this possible? Because 
analysis and trouble shooting work Testing is our Business. Your assign- 
done without hiring additional ments to us will be handled by men 
technical help? who live and think testing. They 
Our solution is very direct. No will receive the care and attention 
doubt many of your trained engi- that only a specialized laboratory 
neers and chemists are tied down by can give. That means speed, accu- 
routine but essential testing and racy, and real economy. 
analytical tasks. You can release We would like to get together 
these men for more demanding, and discuss your manpower prob- 
more responsible duties by entrust- lems and possibly point the way to 
ing our laboratories with your rou- a solution. 






UNITED STATES TESTING COMPANY, INC. 


1500 Park Ave., Hoboken, N. J. 
BOSTON « CHICAGO « NEW YORK « PHILADELPHIA « DENVER 


PROVIDENCE « LOS ANGELES « MEMPHIS « DALLAS 
Member of American Council of C jal Laboratori 
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y%" BY LITTLEFORD 
{INSURE PRODUCTION 





- ECONOMY & QUALITY 
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Littleford Weldments have four basic advan- 
tages: 
1. MODERN DESIGN—Welded metal fabrication 


lends itself to efficient modern design, shaping 
metal on modern equipment is a simple task. 


2. LESS WEIGHT AND BULK—Unwieldy and need- 
less weight are eliminated in Weldments. 


3. STURDY—Weldments have inherent strength, 
tough to withstand shock, strain and 


<2 















vibration. 


4. ADAPTABILITY—Weldments adapt themselves to 
changes and improvements at any time with 
minimum of cost. 







Littleford complete fabricating service and 70 
years experience in laying out, forming, shear- 
ing and welding all types of metals is as- 
surance of quality weldments regardless of 
size. Write for Weldment Bulletin. 












LITTLEFORD BROS., INC. 
424 E. Pearl Street, Cincinnati 2, Ohio 














{ A “BUILT-IN” ADJUSTMENT 


Shims stamped from 
LAMINUM® look like 
solid metal but actually 
cre made up of from 
3 to 63 layers of .002 or 
-003 inch brass or steel. 


THAT ACTUALLY COSTS LESS 
THAN NO ADJUSTMENT! 


. + there's less machining and you can “take up" after wear. 


Think of this shim as an adjust- 
ment device. As used here, its cost 
was Only 19¢. It’s made of our ex- 
clusive LAMINUM®, has 16 layers 
of .002” brass in one unit. 


it gives wide tolerances to the 
thrust gear housing, saving expen- 
sive machining time. 


It precisely preloads the bear- 
ing. Inner race rests on the collar, 


GA 
i 
SHIM HEADQUARTERS SINCE 


Check Our Stampings Division 


For Your Stamped Parts Requirements 


1211 UNION STREET °* 
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marked by arrow. Outer race is 
“fixed” in the housing. Removal of 
a .002” shim lamination brings 
housing and outer race closer to 
main assembly. This gives the mi- 
nute preloading adjustment for best 
angular contact bearing operation. 


it “‘takes up"’ after wear. 
Removal of additional laminations 
makes simple, quick adjustment. 





1908 ‘@) ton tl oO 








© COMPANY, INC. O 











GLENBROOK, 


CONNECTICUT 







Design Abstracts 


(Continued from page 174) 










capacitor. An electrical circuit 
analogous to the original motor 
can easily be established as, 






- d de ) 

e&; = [e+ tm— (e+ ]+ 
di, ) 
dt 
where lower-case symbols indicate 
corresponding analogs. Comparing 
the equation for this analog with 
that derived for the motor it may 
be noted that they match, term by 
term: e¢, = E,,e = E @ gw, and 
i, = M,/b. Also, terms for the 
mechanical time constant, T,,,, and 
the armature time constant, [,, 
have been incorporated. Thus, the 
analog is a suitable representation 
of the motor. 

A similar procedure can be fol- 
lowed for the generator. Here a 
field voltage, E,, produces an in- 
ternal generator voltage, E,. Load 
current through the armature re 
sistance and inductance reduces 
this voltage to the terminal volt- 









Ra, (+7 




































age, E, Also, induced and field figu: 
voltages can be related to the field 
current. Equations for induced § 1,4 
voltage as a function of field cur 9 —ay 
rent; and for the effect of arma § bulg 
ture voltage drop may be written I 
as is br 
Vulc 
= [w+ (St)} J 

E; =—_— E, + — 
K R, \ dt pens 
bulgi 
La ( dl, )] Sides 
B, = B, - Ra | le+ = a stra 
sheay 
These are the generator equations. E 
To represent a portion of the & Gates 
system gain, an amplifier is incor the \ 
porated in the generator analog oy 
and the terms written as: elt ; 
€, — — Ae V-bel 


















ig = — (€, — @) 
2 
~— ( dé, dé, ) 
4= dt dt 





i; + if + ig = O 








Input and output voltages of the 
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"Fetes VUL 


Gates 
Vulco 
Ropes 


Wear Longer 











Make this Simple Test 


Take any V-belt that has straight sides. 
Bend that V-belt while you grip its sides be- 
tween your fingers and your thumb. You will 
feel the sides of the belt bulge out—as shown in 
figure 1-A, below. 

Clearly, that outbulge forces the sides of 
the belt to press unevenly against the V-pulley 
—and this concentrates the wear where the 
bulge is greatest. 

Now, make the same test with the belt that 
is buile with the Concave Sides—the Gates 


| Vulco Rope. 


Figures 2 and 2-A show clearly what hap- 
pens when you bend a Vulco Rope. Instead of 
bulging, the precisely engineered Concave 
Sides merely fill out and become perfectly 
straight. This belt, when bent, precisely fits its 
sheave groove. 


Because there is mo bulging, the sides of the 
Gates Vulco Rope always grip the full face of 
the V-pulley evenly and therefore wear uni- 
jormly—resulting in longer belt life and lower 
belt costs for you. 


When you buy V-belts, be sure to get the 
V-belt with thé Concave Sides—-the Gates 
Vulco Rope! 

Sates Engineering Offices and Jobber 
Stocks are located in all industrial centers of 
the United States and in 71 foreign countries. 
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See for Yourself WHY 3 


o 


THE GATES RUBBER COMPANY «+ DENVER, U.S.A. 























What 
Happens 
When a 
V-Belt Bends 


Straight-Sided V-Belt 


| = 


How Straight-Sided V-Belt 
Bulges in Sheave-Groove. 
Sides Press Unevenly Against 
V-Pulley Caysing Extro Wear 
At Point Shown by Arrows: 


RIVES 









This big 80,000 GPM 
turbine pump lifts 
water ogainst a 14 foot 
head from a drainage 
canal to toke Hicpo- 
chee in the Diston 
Island Drainage District 
neor Moore Haven, Fla. 
Driven by o diesel en- 
gine through a 9 D- 
Section Gates Vulco 
Rope Drive with a one- 
eighth turn, the pump 
drains 19,000 acres of 
land for sugar cane 
and cattle raising. 


CONCAVE, SIE 


Gates Vulco Rope with 
Concave Sides 


The Concave Sides Fill Out 
to a Precise Fit in - the 
Sheave-Groove. No i 
Bulge! Sides Press Evenly 
Against the V-Pulley — Uni- 
form Weor — Longer Life! 




















V-Belts — Hose 
Molded Rubber Goods 
for industry 
World's Largest Maker 

of V-Belts 
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TRADE MARK 


ROLLER / 
BEARINGS 


XN 4 
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PITCH CIRCLE ALIGNMENT 
for PEAK EFFICIENCY 


3@ © 


«+. worse 


Wasted energy! 


=e 9.. -6- 


. . not above 











Efficiency plus! 


. . not below At the pitch line! 


®@ Aligned at the pitch circle, the most efficient 
plane for roller guidance, PITCHLIGN rollers are 
not subject to the internal stresses incurred in 
other bearings where the cage acts at a point 
above or below, the pitch circle. In PITCHLIGN 
bearings, tangential forces are virtually elimi- 
nated, since the cage acts only in the direction 
of rotation and at a point coincident with the 
roller orbit. 

PITCHLIGN’S performance potential far ex- 
ceeds that of precision needle-type bearings. 
Rollers cannot cock or skew! PITCHLIGN is inter- 
changeable with precision needle bearings, of 
course. Get the facts! Write for Bulletin SF-266 
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generator analog are given by 
¢=- (=)[e +R o( +) 
’ os el at)” 
1 R, 
-— ( i + ) x 
A Rz 


R22 C dé, 7 
e, + ———_— — ) 
R, + Re at J 


Because the amplifier gain, A, is 
very large (about 5000) the second 
term of the equation is unimpor. 
tant and can be neglected. Thus 


e,= - (=)[e +R c(< 
/ R» 9 2 


Also 


lL, 


= & — Ra | te + — 
a 


A comparison of the generator 
equations with these analog ex. 
pressions shows that the analog is 
suitable for the generator. 

To construct the analog for the 
entire regulator system, the an 
alogs of the various components 
are assembled as showr ::. Fig. 3. 
The relationship between the ap- 
alog and the regulating system is 
the same as exists between the a 
network calculator and the system 
it represents—it is an easily re 
constructed miniature of the sys 
tem. 

With this analog, different op 
erating conditiors can easily be 
simulated on the analog computers. 
For example, the effect of applying 
load can be obtained by closing 4 
switch (Sw 1) on a high resistance 
in series with a large voltage. 
Opening another switch (Sw 2) 
simulates a sudden change of ref- 
erence. The regulating system cal 
be subjected to conditions of dis 
turbance akin to those found i 
actual operating conditions and the 
response of the regulator can be 
noted. The response of the tal 
dem mill drive system, Fig. 1, to 
suddenly applied change in voltage 
setting is shown in Fig. 4. Sim 
ilar reactions of the mill to othe! 
changes in operating conditions 
are also easily simulated. 

To have value, the computer’ 
results must be translated int? 
quality of end product by eng" 
neers intimately familiar with 4P 
plication and manufacture. Exp 


MACHINE DESIGN—November 1952 








i, is 
cond 
ipor- 
Thus 


‘ator 
ex: 
g is 


the 
an- 
ents 
g. 3. 
an- 
n is 
e at 
stem 
re- 
sys: 




























Design Abstracts 


rence and common sense are the 
required factors. 

Analog computers have played a 
yital role in the development of 
regulating systems by reducing 
the major obstacle in the analytical 
process. The ability of the com- 
puter to evaluate system perform- 
ance rapidly and economically al- 
lows the designer more flexibility 
and an opportunity to try out sys- 
tems and ideas too radical or novel 
to build on a full scale without 
confirmation. 

From an article entitled “The 
Role of the Analog Computer in 
Designing Industrial Regulators” 
appearing in the Westinghouse 
Engineer for November 1952. 













Dirty Oil Affects 
Bearing Performance 


By H. Grady Rylander 


Assistant Professor 
Department of Mechanical Engineering 
University of Texas 

Austin, Texas 







LEEVE bearings operated un- 

der normal conditions are al- 
ways subjected to some’ foreign 
solid particles in the oi] supply. 
Internal combustion engines pro- 
duce solids in the combustion proc- 
ss, Other particles are produced 
by wear, and others enter as dirt, 
rust and scale from the air or pip- 
ing. A thorough understanding of 
the operating characteristics of 
seve bearings when subjected to 
certain particles in the oil leads to 
a1 improved design of bearings, 
shafts, oil, and oil filters. 

The problem of filtering out 
small particles below 10 microns 
in size is extremely difficult, and 
in the majority of applications only 
4small per cent of the oil pump 
discharge is filtered. Even full- 
flow filters have by-pass arrange- 
ments to insure an oil supply to 
the bearings in the event the filter 
becomes clogged. Commercial auto- 
motive cartridge filters will not 
effectively remove particles below 
8 microns and some will pass part- 
icles as large as 25 microns. 

In most bearing test programs, 
the bearings are carefully tested 
under conditions such that ex- 
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How to Make Stainless Protection 
Go NINE TIMES FURTHER... 
with PERMAELAD 


f STAINLESS CLAD STEEL 







Want stainless protection for your product or equipment— 
without wasting stainless steel? You'll get it at low cost— 
with PERMACLAD! 

A 102 layer of stainless, inseparably welded to a 90% mild 
steel backing, gives PERMACLAD the surface characteristics 
of solid stainless and the easy forming qualities of carbon 
steel. This means real savings in corrosion resistance and in 
fabrication as well. For you can cold-form PERMACLAD 
with ease, draw it deeper without intermediate annealing, 
actually form it into products impossible with many other 
materials. 

& Even with the most severe draw, the percentage of cladding 
= (which can be 20% or more if desired) never varies. And the 
stainless layer remains inseparably welded to its backing. 
For gleaming, stainless products and corrosion resistant equip- 
ment, design and build with PERMACLAD. The coupon 
below brings you full details in our new 8-page folder (P-98). 


Send for Free Folder Today 


d 
& 






G8 WE FOR BETTER PRODUCTS AT LOW COST... SPECIFY PERMACLAD 






4) PERMACLAD 


STAINLESS CLAD STEEL 
ALAN WOOD STEEL COMPANY Conshohocken, Pa. 


Over 125 Yeors of Iron and Steel Making Experience 


Gentlemen: 
I am interested in stainless protection with PERMACLAD. 
Please send me full information and new, free folder (P-98). 


Name Title. 
Company 
Address City State 


Other Products: A.W. ALGRIP ABRASIVE Floor Plate * A.W. SUPER-DIAMOND 
Floor Plate « Plates * Sheets + Strip * (Alloy and Special Grades) 
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New Werible Sealing... 


T=-jJ AIR CYLINDER 


Designed with revolutionary application of 


Supeer- Cushion 


It’s sealed with pressure—a revolutionary T-J application of flexi- 
ble sealing that insures positive cushion action combined with 
automatic valving action for fast return stroke .. . eliminates bind- 
ing and sticking . . . operates with low friction, minimum wear, and 
added power due to higher efficiency. 


More PLUS features! New type 
O. packing nut incorporates a piloted 
diameter, assuring perfect align- 
ment. Improved rod packing 
increases sealing efficiency. 
Piston rod and internal 
cylinder tube surfaces are 
hard chrome plated—a 
standard practice with T-J 
for over 15 years. 


12 


Write for bulletin 252. The 
Tomkins - Johnsen Ce., 
Jackson, Mich. 


1. Metallic rod 
scraper to protect 
rod bearing and 
packing from dirt 
and grit. 

. Wrench flats. 

. Self-adjusting chevron 

type packing. 

. Permanent type adaptor 

ring. 

. Hi-tensile tie rods. 

Heavy duty, hard 

chrome plated rod. 

. Generous fillet reduces 

stress concentration. 

. “O” ring static seal. 

. T-J new flexible cushion seal 
insures positive cushion with 
automatic valve action for fast 
return stroke. (Patent applied for) 

. Fine cushion adjustment. 

. Heavy wall precision honed hard chrome 

late. 

. Controlled packing compression with 
metal to metal contact. 


36 YEARS’ EXPERIENCE (TJ) 
TOMKINS-JOHNSON 


RIVITORS. AIR AND HYDRAULIC CYLINDERS CUTTERS CLINCHORS 
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tremely small amounts of dirt ang 
impurities are passed into the bear. 
ing by the oil supply. This prae. 
tice leads to design loads that ar 
too high. It is now recognized by 
those who develop their designs 
under actual service conditions that 
such factors as fatigue strength, 
temperature limitations, friction, 
wear resistance, elasticity, anti. 
seize properties, and embedability 
are also important as well as load- 
carrying capacity. No one bearing 
material has been found that will 
solve all of these requirements. 

Several of the bearing design 
conditions mentioned may be seri- 
ously altered when the oil is con- 
taminated with solid particles, 
Bearing operating temperatures 
may be changed, wear increased, 
friction varied, embedability de 
stroyed, and anti-seize properties 
changed by adding solid particles 
to the oil. 


Test Methods: A test machine 
was designed to accurately meas 
ure torque produced by a single 
bearing. Steel-backed babbitt bear- 
ing inserts were used as test bear- 
ings and support bearings in the 
test machine. These inserts were 
2.168-inches inside diameter by 1- 
inch long with a lead-base babbitt 
thickness of 0.020-inches. Load: 
ing was applied hydraulically 
through a linkage which provided 
a two to one increase in the load 
and was self-centering on the test 
shaft. Loads over 8000 pounds 
could be applied, although only 
5000 pounds was used in the first 
series of tests due to limits on the 
bearing capacity. 

For each particle type a neW 
bearing was installed in the tes 
housing and an unused portion d 
the test shaft was matched with 
the new bearing. Shaft rotation was 
started when the oil inlet temper 
ature was within 4 degrees of 14 
F. Then the test shaft speed was 
set, test load applied, and the oil 
flow regulated to approximately 
3/4-pound per minute. 

Data were recorded for varyiné 
speeds and loads to span values 
ZN/P from about 5 to 100. 2 
some cases the low values could 
not be obtained because of insuffl 
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Pa here they're for hand- . specify 


BLOOD 
BROTHER 


Universal Joints 





. ~ os all . 
PHOTO COURTESY J. D. ADAMS MFG, CO. 


SB) HOKE they deliver power . FOR AGRICULTURAL, CONSTRUCTION, 
at 200 to 1,000 R.P.M. : AUTOMOTIVE, INDUSTRIAL AND MARINE 
Sa «boas nee i EQUIPMENT APPLICATIONS 


Whether Your Problem is to “bend power” 
—or allow for misalignment of a driven 
shaft — you can handle any normal speed with 
Blood Brothers Universal Joints. 


For Hand Operated Controls on road 
maintenance machinery, farm implements and 
tractor steering assemblies, you'll find them 
widely specified in 2,000 to 5,000 torque inch 
pound capacities. 


For Medium Speeds on farm implements, 
contractor’s equipment, dump truck bodies, 
etc., other types turn at 200 to 1,000 R.P.M. 
with either plain bushings or needle bearings. 


At The Higher End of the speed scale, pro- 
peller shaft assemblies are dynamically and 
statically balanced for heavy-duty automotive 
use up to 3,000 R.P.M. 


You Are Invited to consult with Blood 

Brothers’ engineers — on any project or pro- 

blem involving power transmission through 

universal joints. They’re ready to assist you 

with a priceless, concentrated background of 

experience in handling capacities from 350 to 

PHOTO COURTESY THE WHITE MOTOR CO. i“ 7 89,300 torque inch pounds. On your next pro- 

ase ject, contact Blood Brothers! 


'y “2 > 


ere they're dynamically bal- 
anced for speeds up to 3,000 R.P.M. 


BLOOD BROTHERS machine co. ALLEGAN, MICHIGAN 


UNIVERSAL JOINTS AND DRIVE LINE ASSEMBLIES 
Division of Standard Steel Spring Company ° Chicago Office: 122 S. Michigan 
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We assure IMMEDIATE 
delivery. 


We save you Tool and Design 
costs. 


DEPENDABLE .... DURABLE 


ECONOMIZE . . USE THEM AS STANDARDS. 
All precision made of heat treated selected 
steel, cadmium plated and corrosion re- 
sistant MID-NITE BLACK FINISH (A special 
MORTON process). Individual parts or 
complete assemblies. Any MORTON prod- 
uct can be adapted to whatever changes 
you might specify. 














moORTOn 
MACHINE WORKS 


2421 WOLCOTT ST. 
DETROIT 20, MICH. 
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cient power in the test drive, but 
these points were on the steep por- 
tion of the curve where marginal 
lubrication occurs. The experi- 
mental test program was arranged 
to obtain first a basis of compari- 
son by using clean oil, then to pro- 
ceed to soft small particls and in- 
crease the particle size, concentra- 
tion, and hardness until some de- 


Table 1—Test Particle Sizes and 
Concentrations 





Concentration 
(gm per gal) 


Particle Size 
Material (microns) 





0.47-L.87 
0.47 
RE =«wvceseeeeeas 0.94 
Molybdenum sulfide .. 0.47-1.87 
Be SED. ccc cocccce 0.47-17.0 
Corundum 0.47 
GOUT cccceccccas 0.47 
SPE. nc ecicccncuns 0.47 


Graphite 





finite influence upon the bearing’s 
operating characteristics was ob- 
tained. In order to carry out this 
program, particles and concentra- 
tions listed in TABLE 1 were tested 
in the order shown. 


Test Results: The results of this 
investigation were dependent up- 
on the accuracy of instrumentation 
and the care and procedure in- 
volved in conducting the test pro- 
gram. In order to improve the test 
accuracy, a large number of test 
points were recorded from which 
the following conclusions, based up- 
on average operating conditions 
were obtained: 


1. Soft particles of graphite and mo- 
lybdenum sulfide in the oil supply 
to lead-base babbitt sleeve bear- 
ings will produce no improvement 
in the bearing operation. 

. Graphite particle size has no ef- 
fect upon bearing operating char- 
acteristics when used in small con- 
centration as they were in this 
program. 

. Graphite particle concentration 
will produce a change in the bear- 
ing oil flow characteristics. In- 
creased concentration will increase 
the oil pressure required to main- 
tain the same oil flow. 

. Coefficient of friction may be in- 
creased by increasing particle con- 
centration. 

. Only the tests with small amounts 


of rouge caused friction values 
lower than clean oil. 

6. Particles of hard substances must 
be larger than the minimum oi). 
film thickness to cause apprecj- 
able increases in wear or friction, 


7. Wear may take place without a 
large increase in the bearing tem. 
perature. 

8. Shaft wear may be much more 
rapid than bearing wear due to 
the babbitt embedding the large 
sharp particles. 

9. Oil may be discolored by small 
concentrations of finely divided 
particles, but discoloration does 
not indicate the friction to be ex- 
pected in a bearing. Very small 
amounts of hard particles will] 
cause rapid wear even though the 
oil looks clean. 

10. Filtration that removes any size 
particle will be helpful, but the re- 
moval of all pirticles larger than 
the minimum oil film thickness ig 
required to stop wear and prevent 
increased friction. This means that 
for most high-load bearing appli- 
cations, filtration must remove 
particles considerably smaller than 
25 microns. 


From a paper entitled “The Ef- 
fects of Solid Inclusions in the Oil 
Supply to Sleeve Bearings” pre- 
sented at the Semiannual Meeting 
of the ASME in Cincinnati, 0., 
April 1982. 


Hot Pressing 
Powder Metals 


By Jerome F. Kuzmick 


Consultant and President 
Welded Carbide Tool Co. 
Clifton, N. J. 


IMULTANEOUS application of 

pressure and heat to metal 
powders—hot pressing—has for 4 
number of years attracted the at- 
tention of powder metallurgists. 
Early experiments demonstrated 
the following possibilities for the 
hot-press method: 


1. Pressure required for hot mold- 
ing metal powders is consider 
ably lower than is normally 
used for cold pressing. 

. Metal powders can be hot 
pressed to solid density in one 
operation without sintering. 

. Properties of hot-pressed alloys 
are similar to those of hot 
forged or cold-worked annealed 
materials. 


On the other hand, the early & 
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CHASE PHOSPHOR BRO 


high 
strength 


high 
fatigue 
resistance 


Chase Phosphor Bronzes do an outstanding 
job where metal must stand up under 
rugged use. 








They resist wear and have high fatigue 
strength. They are extremely ductile and 
resilient. And, of course, they have excellent 
resistance to corrosion. 


Characteristics like these make Chase Phosphor 
Bronzes suited for a wide variety of uses— 

fro.a bearings and diaphragms to heavy duty 
springs and valve parts. 


Chase metallurgists and engineers check 
carefully on surface finish and internal 
characteristics to make sure that every lot of 
Chase Phosphor Bronze Rod, Strip or Wire 
is up to the usual high Chase standards. 

Send coupon for further information. 


Chase a BRASS & COPPER 


WATERBURY 20, CONNECTICUT © SUBSIDIARY OF KENNECOTT COPPER CORPORATION 
* The Nation’s Headquarters for Brass & Copper 


Albany Cleveland Kansas City, Mo, New York San Francisco 

Manta =——Dallas Los Angeles Philadelphia Seattle 

Baliimore —-Denverf Milwaukee Pittsburgh Waterbury 

_ Detroit Minneapolis Providence eae 
Houstont Newark Rochestert : 

Cacinnati indianapolis New Orleans St. Louis office omly ) 


MACHINE DESIGN—November 1952 


resistance 








NZES 




















excellent 
‘dol d cok fol a) 





fe foYoYo| 
ductility 
great 
resilience 


FREE Folder gives tables of Chase Phosphor Bronze 
properties (hardness, tensile, fabrication, physical) as 
well as uses and forms. 





Chase Brass & Copper Co., Dept. MD 1152 
Waterbury 20, Conn. 


Please send me the free folder on Chase Phosphor Bronzes. 
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TWIN DISC CLUTCH COMPANY, Racine, Wisconsin - 
BRANCHES: CLEVELAND + DALLAS + DETROIT + LOS ANGELES + NEWARK - 












HYDRAULIC DIVISION, Rockford, Illinois 
MEW ORLEANS + SEATTLE + TULSA 
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| 
|periments also pointed out some 


‘of the difficulties involved, such 


| as: 


1. Suitable die material to with. 
stand the elevated temperatures, 
which generally are about the 
same as the sintering tempera. 
ture. 

2. Rapid heating of the metal 
powder and protection against 
oxidation. 

3. Prevention of welding of the 
compact to the die as a result 
of hot pressing. 

4. Rapid enough cycle to make the 

process practical. 


Up to the present time, to the 
best of the author’s knowledge, no 
process has been worked out and 
put into operation for rapidly pro- 
ducing hot-pressed metal-powder 
mechanical parts on a commercial 
scale. On the other hand, hot 
pressing has been successfully ap- 
plied to a number of applications 
involving costly materials wherein 
this method is the only one which 
gives the desired results and cost 
is secondary. 

| It is known that considerable ex- 
|perimental work is being done on 
extending the applications of hot 
pressing. Generally the method 
| follows one of two types: 





1. Hot forging. In this method 
normally cold-pressed and _ sin- 
| tered parts are removed hot 

from the sintering furnace and 
subjected to a forging operation, 
usually in water-cooled steel dies 

2. Hot molding. In this method, 

pressing and sintering are simul- 
taneously performed in one op 
eration, The charge in the die 
may be the metal powder itself, 
or it may be a preform which 
has previously been molded by 
the usual cold-pressing method 


Types of Hot Presses: The sil- 
plest type of hot press consists of 
‘an ordinary vertical electric fur 
nace built into a hydraulic 
otherwise actuated press. Such ap 
paratus has often been used for 
experimental and semiproduction 
work; however, in most cases, the 
rate of heating is too slow and the 
‘setup is too unwieldy to perm 
economical production. 

Another type often used in this 
country and also abroad is one it 
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Castings 


in Stainless 
and Special Alloys... 


require Control 





in Core-setting 














There is just no “good enough” way 
to set cores, for close tolerances 
must be held if costly, time-con- 
suming, corrective work is to be 
eliminated—and time is vital today. 
Core-setting and its companion 
step, core-making, call for precise 
skill and infinite care, yet these are 
but two of many production proce- 
dures followed with such care by 
all Lebanon craftsmen to produce 
CIRCLE ©€ castings of controlled 
high quality. 


LEBANON STEEL FOUNDRY 
Lebanon, Pennsylvania 
“In the Lebanon Valley" 


LEBANON 


Steel and 
Alloy Steel 
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which a carbon mold is heated by 
its own resistance to the passage 
of an electric current. These re- 
sistance type hot presses are very 
useful for fairly rapid hot pressing 
of relatively small sections. Car- 
bide sections up to 4-in. diameter 
and 4-in, tall have been used. The 
heating rate is very rapid; small 
sections can be heated from room 
temperature to 2500 or 2600 F in 
less than 1 minute. By varying 
the mold cross-section, it is pos- 
sible to concentrate the heat in any 
desired section. This technique is 
useful in producing composite ma- 
terials in which one section may be 
made of an alloy requiring higher 
pressing temperatures than the 
rest of the piece. 

For hot pressing large-diameter 
pieces, a high-frequency induction 
heating press is used. Successful 
applications include sections as 
large as 24 in. in diameter. 


Applications: The hot - press 
method for the manufacture of 
large tungsten-carbide sections has 
been in use for some time. Im- 
provements in technique have now 
made it practical to apply this 
method to a number of different 
sizes and shapes. 

In this method graphite molds 
are machined from bar stock. The 
molds are usually the so-called 
“closing type;” that is, they are so 
dimensioned that the proper size 
piece has been produced when the 
plungers have compressed the car- 
bide mixture so that the outer ends 
of the plungers are flush with the 
upper and lower surfaces of the 
die barrel. 

From the known density of the 
end product, the weight of the de- 
sired carbide mixture is calculated 
and poured into the die cavity. The 
plungers are lightly pressed into 
the cavity, and the mold positioned 
in the hot press. The piece is hot 
pressed at relatively low pressure, 
on the order of 1000 psi. The final 
temperature is similar to the tem- 


| perature used for sintering cold- 


pressed carbide, usually about 2450 
to 2650 F depending upon the co- 
balt content. Care must be exer- 


cised not to underpress or over- 
press. 


If the carbide mixture is 
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FIRST... aa 
THE MORSE CODE 


then Radio and Television without wires 


va 


but, never a superior bearing without 
precision balls. In our engineering de- 
partment new manufacturing techniques 
are proven and then put into practice. 
We design and build most of our 
equipment. 

Universal Precision Balls are manu- 
factured to within ten millionths of an 
inch perfect spheres. They are 100% 
inspected and individually gauged. Life 
tests have proven that rigid metallurgical 
specifications, careful heat treatment 
and precise geometrics pay large 
dividends. 

Where high speeds, silent operation 
and minimum torsional resistance are 
determining factors, Universal Balls excel. 

Specify Universal Precision Balls when 
you want superior surface finish, sphe- 
ricity, size accuracy and fine tolerances. 


UNIVERSAL BALL CO. 


PRECISION BALLS OF CHROME 
AND STAINLESS STEEL, BRONZE 
AND SPECIAL METALS. 


WILLOW GROVE, Montgomery County, Pa. 
Telephone, Willow Grove 1200 






















HOOVER HONED RACEWAY 


The Distinguished User list 
of HOOVER, Americai only 


BALL BEARING «iv 
Aoned Raceways wade like 
a ‘**‘WHO’S WHO + 


rite for a representative list of di 


90% LONGER LIFE 
30% GREATER LOAD 
AMAZING QUIETNESS 


The rPriatocnat of Bearings 


HOOVER BALL AND BEARING CO. 


ANN ARBOR, MICHIGAN 
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not fully compressed, porosity wil] 
result in the finished carbide. Op 
the other hand, overpressing wil] 
cause execessive squeezing out of 
cobalt binder, causing improper 
binder content, and local segrega. 
tion of cobalt which again results 
in porosity or soft spots. For this 
reason, even with closing type 
molds, the compression of the car. 
bide charge is carefully measured 
with dial indicators. 




































































Mold Characteristics r 


Unfortunately, in most cases, itf « 
is impossible to salvage the graph- 
ite mold. However, there are many 
cases where this procedure is eco- 
nomically practical. On plain 
round cylinders and _ bushings, 
standard graphite round bar stock 
can be purchased in a number of 
sizes, so that often only simple 
cutting-off and drilling operations 
are required to produce the desired 
mold. On small pieces it is pos- 
sible to use multicavity molds in 
which several pieces are made si- 
multaneously. For shaped pieces, 
it is often easier to machine a 
graphite mold than it is to machine 
presintered cold-pressed carbide, 
which is very fragile and must be 
handled and machined with ex- 
treme care. One of the advantages 
of hot-pressed carbide is the ab- 
sence of sinter shrinkage. It is 
well-known that cold-pressed car- 
bides may shrink as much as 18 per 
cent lineally or 50 per cent by vol- 
ume during the sintering operation. 
Thus it is a difficult problem to 
avoid distortion on odd-shaped 
pieces or long thin-walled section 
which may vary in density as cold 
pressed. On the other hand, the 
hot-pressed carbide completely fills 
the mold cavity as it compresses, 


and the dimensions are those of 
the mold cavity. 
Thousands of drawing dies have 
MAC} 





been salvaged by hot repressing: 
In this method, the die is placed 
in a graphite mold with a core of 
the desired diameter, less seve 
thousandths of an inch grinding 
allowance. The die is hot pre 
in the mold and, as the carbide be 
comes plastic, it is compre 
slightly, filling in the bore and los 
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DELCO FEATURES MAKE DELCO FINEST 


e Aluminum rotor conductors, e Resilient rings of special oil- 
end rings and fan blades. resistant material. 


® Oversize steel-backed tin e large oil reservoirs cast 
babbitt sleeve bearings. integrally with end-frames. 


® Varnish-dipped and baked ee Exclusive Delco Thermotron 
motor windings. for automatic motor protection. 


ve 
2 
ed 
of 
al 
1g 
26 
e- 
od 
s- 


@ § Macuine DesiGN—November 1952 

















D 


DAYTON OHIO 


Wherever fractional motors are needed 


—for small power tools, pumps, com- 
pressors, or any of hundreds of appli- 
cations—you'll be sure of satisfactory 
performance by using Delco motors 
for the job. 


From every standpoint, electrical and 
mechanical, Delco motorsare engineered 
and built to deliver peak performance. 
And the way Delco motors stand up on 
the job has created a reputation for 
dependability — Delco dependability — 
that’s unmatched in the field. 

Get the data on Delco motors—and on 
how they best fit your needs—new. 
Write Delco Products, Dayton, Ohio, 
or the nearest sales office. 


DELCO PRODUCTS 


Division of General Motors Corporation 
Dayton, Ohio 


SALES OFFICES: ATLANTA + CHICAGO + CINCINNATI - CLEVELAND - DALLAS 
DETROIT + HARTFORD + PHILADELPHIA + ST. LOUIS - SAN FRANCISCO 
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STRUTHER 
DUNN 


Struthers-Dunn, Inc., 150 N. 13th St., Philadelphia 7, Pa. 


BALTIMORE © BOSTON @ BUFFALO @ CHARLOTTE © CHICAGO e CINCINNATI 


LOS ANGELES 
PITTSBURGH 
TORONTO 


KANSAS CITY e 
NEW YORK e 
SYRACUSE e 


DETROIT e@ 
NEW ORLEANS e@ 
SEATTLE e@ 


CLEVELAND @ DALLAS e@ 
MINNEAPOLIS @ MONTREAL e 
ST. LOUIS @ SAN FRANCISCO e 
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ing a little in height. As a resy}t 
of this technique, carbide is taken 
out of the height, which is not crit. 
ical, and transferred to fill in the 
bore, which is the critical dimen. 
sion. The graphite molds can be 
used several times, and the surface 
of the carbide die retains a fairly 
good finish. As a result only a few 
thousandths need be ground off the 
bore surface to produce a high de 
gree of accuracy and finish. 

Dies for drawing tubing have 
been repressed as many as three 
times, and are still in use. The 
interesting part is that the die life 
after repressing has increased ap- 
preciably over that obtained on the 
original cold-pressed and sintered 
die. It is believed that this is due 
to the elimination of microporosity 
by the hot-repressing operation. 


Wear-Resistant Matrices 


Some interesting applications of 
the hot press technique are being 
made in the diamond dressing, 
grinding, and drilling fields. A 
good example is diamond mining 
bits, for exploratory, blast hole, 
and oil well drilling. Many such 
bits were formerly—and in some 
cases still are—produced by cast- 
ing alloys such as beryllium-cop- 
per around diamonds. For most 
applications, however, manufactur- 
ers have been going to the hot- 
press method. Metal matrices are 
produced which resist wear and 
erosion, and retain the diamonds 
sufficiently well, so that they are 
salvaged and reused in new bits 
after their exposed points have 
been worn smooth. The diamond 
bits are being produced with a ve 
riety of metal matrices, ranging it 


| hardness from about 20 Rockwell 


| 
| 


C to the full hardness of tungstet 
carbide. The particular matrix 
used depends upon the service t 
which the bit will be subjected and 
the type of formation in which the 
bit will be used. In similar fash 
ion, hot-pressed metal-powder mat- 
rices are employed in the produ 
tion of diamond dressing tools 
metal-tonded diamond wheels, 2% 
other products. 

A recent development is the u* 
of the hot-press process for tht 
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no lubrication problem 


The unique design of the Torrington Needle Bearing 
minimizes lubrication problems. The turned-in lips of 
the outer shell retain a large reservoir of oil and grease. 
And the full complement of small diameter rollers 
carries a thin lubricating film to all bearing contact 
surfaces. In some applications, the original lubricant 
will last for the life of the product. 

Have you considered this and other Needle Bearing 
advantages—such as high radial load capacity, light 
weight and compact size—in terms of your product? 
Torrington engineers will welcome the opportunity to 
give you full details. 


THE TORRINGTON COMPANY 
Torrington, Conn. South Bend 21, Ind. 
District Offices and Distributors in Principal Cities 
of United States and Canada 





TORRINGTON ///2// BEARINGS 


Needle Spherical Relier e¢ Tapered Roller ce Straight Reller ¢ Ball e« Needle Rellers 
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Roth makes Rubber 
Resist 500°F.Heat 


SSS SSTHESSEEESEEEESEEEEEEESESSEEEEEEEEESESEEESEES ESSE SEEEESESESESEEESEESE 


a, 
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Roth makes Rubber 
Resist -110°Cold 


Roth makes Rubber 
Resist Oil and Gas 


- Roth makes Rubber 
Resist Weather 
| and Abrasion 


SOS OO SEESEHETT SOE ESEEEEEEEESE TEESE SEEESESESEEEEESESES EEE EEEESESESESESESEEES 


| Roth makes Rubber 
Bond to Metal 


; 


OOPS H HEHEHE HETSOEESSOSEEEEEEEE ESE OSET OSES EEE EESESEEE OOO EEEEEEEESEEESESEEEE 


| HY Roth makes Rubber 


to Your 
Specifications 


ROTH RESEARCH 


BRINGS RESULTS 
WITH RUBBER! 


WRITE, WIRE OR PHONE... 


Roth will gladly help you develop bids, 
quote on present rubber requirements or 
create a special formula to cut costs, 


boost output or simplify production. 





ROYH RUBBER COmPAnry + 
1862 S. 54th Avenue ¢* Chicago 50 


Custom Manufacturers of Industrial Rubber Products since 1923 
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production of heavy metals. These 
heavy alloys have been produced 
for more than a decade by the 
cold-press and sinter process. Al. 
loy composition is about 90 per 
cent tungsten with 10 per cent 
nickel-copper binder. Theoretical 
density ranges from 16.5 to 172 
for the usual percentages of binder 
employed. 

There are difficulties involved in 
the production of cold-pressed and 
sintered heavy alloys which are 
similar to those encountered in 
sintered tungsten carbide. If one 
desires to obtain close to theoret- 
ical density, very great care must 
be exercised in controlling particle 
size and purity of powders, sinter. 
ing temperature, etc. During the 
sintering of cold-pressed pieces, 
shrinkage as high as 20 per cent 
lineally may take place. This 
makes it difficult, particularly on 
large sections, to control dimen- 
sions and to prevent distortion. 
For objects such as tall bushings, 
it is impossible to eliminate the 


> 


“hour-glass” shape due to differ- BF 
ences in density prior to sintering. 


Coating Protects Molds 


In developing the hot - press 
method for producing high-density 
materials, the usual graphite molds 
were used. However, one of the 


first problems ecountered was cal 


burizing of the tungsten by the 
mold. A coating was developed, 
which, when painted or sprayed on 
the mold, not only prevents this 
carburizing tendency, but also pro- 
tects the mold itself. Thus, a num- 
ber of pressings can be made from 
one mold. 

By the use of the hot-press meth- 
od, it is relatively easy to achieve 
full density, and parts have beet 
produced to densities ranging from 
16.5 to 17.1, depending upon the 
particular composition. There is 00 
problem of distortion, as the metal 
under heat and pressure completely 
fills the mold. The structure of the 
hot-pressed heavy alloy is much 
finer in crystal size than that of 
its cold-pressed sintered counter 
part. This is because the hot-press 
cycle is relatively fast, whereas 
sintering to high density requires 
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es more flexibility, 
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oduction, greater economy! 


more pr 


LOUIS ALLIS specializes 


Splash-Proof Motor 
Flange 


hee Special Arbor 
‘Type Motor 


eal 


IND out about special mo- 
tors — how they help to 
step up machine performance. 


Call in a Louis Allis engineer. 


He’s an expert in motor de- 
sign — knows control and 
drive characteristics. He’s 
probably solved drive prob- 
lems like yours for other Louis 
Allis customers. At any rate, 
he has a wealth of motor ex- 
perience—experience that lets 


him make sound recommenda- 


tions to you—experience that 


often helps you get improved 


product performance. 


So, when you need special 
motors — regardless of elec- 
trical and mechanical charac- 
teristics, speeds or torque re- 
quirements — take advantage 
of Louis Allis’ specialized 
know-how. Save time, save 
money, improve product per- 
formance. Call in the Louis 


Allis engineer near you, 


THE LOUIS ALLIS CO., Milwaukee 7, Wisconsin 
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sufficient time to cause consider- 
able growth in the crystal size of 
the tungsten. Machinability of the 
hot-pressed alloy is considerably 
better than that of the sintered 
material, a result believed to be 
due to the difference in crystal 
structure. 

Some sections produced by hot 
pressing formerly required machin- 
ing away as much as 50 per cent of 
the tungsten alloy from the sinter- 
ed piece to produce the required 
contour. It is anticipated that ex- 
pansion of the hot-pressed heavy 
metal applications will result in 
considerable savings in tungsten 
scrap and machining time. 

Variations of the hot-press tech- 
nique are applied to other products. 
Beryllium has been hot pressed by 
using a high-frequency induction 
hot press, a graphite die with a 
chromium-plated steel or an, In- 
conel liner, and low-carbon steel 
punches. A hot pressing of more 
than 30 lb in a 12-in. diameter die 
was produced. The properties com- 
pared favorably with vacuum-cast 
extruded material. 


A form of hot-pressing, or sinter- 
ing under pressure, is used in pro- 
ducing metallic friction materials. 
The friction surface or wafer is 
welded to a steel back and brought 
to final density by being sintered 
in a special bell type furnace, which 
applies pressure to a stack of the 
friction wafers and steel plates. 
Large silver base contact materials 
have for a number of years been 
produced by hot pressing. 


New Developments: One of the 
virgin fields of research is that 
involving high-temperature alloy 
or metal-ceramic materials. Con- 
siderable time, money, and energy 
are going into powder metallurgy 
research involving high-temper- 
ature materials. In one program 
the objective was to see whether 
an alloy prepared by hot pressing 
powders would have properties 
similar to that of the same alloy 
prepared by forging. After con- 
siderable work, a method was de- 
veloped whereby a_ hot-pressed 
alloy was prepared which showed 
the same high-temperature stress- 
rupture value as the forging. Sub- 


sequently, advantage of the powder 
metal process was taken, whereby 
certain materials and grain orienta. 
tion were introduced which ar 
impossible to obtain in materia] 
which begins as a cast ingot. Ina 
surprisingly short time this tech. 
nique resulted in a modified alloy 
which showed over five times the 
stress-rupture life at high tempera- 
tures of the forged material. Since 
then, a number of alloys and ma- 
terials have been developed by the 
hot-press method. Many of these 
show unusual mechanical proper- 
ties. Steels for more ordinary uses, 
both carbon and alloy, have been 
produced experimentally. 

Of course, the problem of a suit- 
able die material always rears its 
ugly head. Just about every type 
of ceramic material available, as 
well as high-temperature alloys, 
and cermets, have been tried. A 
permanent hot-press die material 
is yet to be found. However, there 
is another approach which shows 
considerable promise. In this meth- 
od a cheap, discardable die is mold- 
ed, the main concern being simply 
whether it will produce one good 
pressing. In mass production the 
cost of such a die should be meas- 
urable in cents rather than dollars. 

From a paper entitled “Recent 
Practical Applications of Hot 
Pressings” presented at the Eighth 
Annual Meeting of the Metal Pow- 
der Association im Chicago, Il, 
April 1952. 


Educating Mechanical 
Engineers 


By Neil P. Bailey 


Professor and Head of Mechanical Engineering 
Rensselaer Polytechnic Institute 
Troy, N. Y. 


5 present extent and rate of 
growth of technical knowledge 
in all the areas of mechanical et- 
gineering must be admitted to be 
beyond the mastery of any single 
individual and far beyond the ca 
pacity of students. A_ balanced 
mechanical engineering curriculum 
cannot, therefore, be one that cov 
ers all related areas of technology: 
Rather, it must be one which 
teaches students to gather facts, 
analyze situations and evaluate 
solutions in each general area 
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Can you 
reduce costs 
with a 
smaller 
bearing 
having the 


same capacity? 


Many have — with substantial sav- 
ings in money and materials. Smaller 
housings and surrounding machine 
members are often possible because 
of the greater load capacity Guiderol® bearings carry in a smaller radial 
bearing space. Over 38% greater than the next highest rated bearing 
that is dimensionally interchangeable. Not to be overlooked also is the 
fact that precision performance, without roller skewing, of a Guiderol 

bearing is in direct proportion to its com- 
parable load carrying capacity. 
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mechanical engineering. 

Even after it is admitted that a 
mechanical engineering curriculum 
is to be constituted only of or. 
ganized course sequences in each 
of the major areas, the situation is 
far from being resolved. At the 
moment and by virtue of its his- 
torical seniority, power develop- 
ment with its ramifications is 
usually over-specialized in most 
curricula. Not only does it receive 
more than its share of the avail- 
able curriculum time but also far 
too much of a student’s effort goes 
into a familiarization with the 
physical facts of the subject and 
not nearly enough time in gaining 
experience in solving engineering 
situations of a comprehensive na- 
ture. 













Integration Needed 







The second major area of me- 
chanical engineering, the processes 
of conception, design, and manu- 
facture of devices is usually so dis- 
persed as to lose much of its pos- 
sible effectiveness for students. 
They study at one time or another 
many details that are involved in 
evolving a product to fill a need 
but only in retrospect, if at all, are 
they able to put the pieces together 
and see the sequence of steps in- 
volved. This situation is rational- 
ized by insisting that after all, de- 
signing is an art that can be mas- 
tered only by practice after grad- 
uation. 

Between 1920 and 1940 the de- 
sign aspects of such courses 4s 
power plant design, combustion 
engine design, and heating design 
disappeared. By 1950 only ma- 
chine design remained and it had 
become restricted to the mechanics 
of the metal parts of machines. 
Simultaneously, separate and ofter 
completely independent courses iD 
shop processes, manufacturing 
methods, and production proce- 
dures came into being. Now all 
products must be conceived for 
their function, be proportioned for 
their use and be manufactured for 
their market, and these _ three 
things are not independent con- 
siderations. Mechanical designers 
must project their minds into neW 
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NEW HOLLAND Hay Baler and GILMER Multiple V-Belts 
TEAMED FOR TOP PERFORMANCE! 








Here’s a noteworthy example of a machine designer's ingenuity 
...and Gilmer V-Belts’ versatility. The main drive on the New 
Holland Model 77 twine-tying hay baler is unusual in that it 
employs Gilmer V-Belts running up-side-down! 








The multiple V-Belts drive off the small diameter sheave, while 
the backs of the belts operate over the large flywheel and the 
idler pulley. Ingenious designing! 










Equally shrewd was the choice of GILMER V-Belts— engineered 
and built to take abnormal usage in their stride! It is unusual Baling is a one-man job with the New Holland 
for V-Belts to be called upon to stretch and compress alter- Machine Company's Model 77 twine-tying auto- 
nately on both top and bottom. But this two-way stretch puts ein tn cat ag aaa vee ee 
little added strain on GILMER V-Belts. Their bias-woven jackets , 

permit flexing in either direction. And their load-carrying, high- 
tensile-strength cords are centrally located—occupying the 
entire pitch-line area of the belt. All components are thoroughly V-BELTS 
bonded, so flexing in either direction creates a minimum of 

internal friction. 
















For greatest flexibility in designing, plan your drives around 
the broad range of GILMER V-Belt sizes. If special belts are 
required—or if you'd like assistance with your drive problems, 
NYB&P engineering, production and distribution facilities are 
at your service. 

















of Service 
to Industry 





GILMER V-BELTS ARE NOW PRODUCTS OF 


NEW YORK BELTING & PACKING CO. 


America’s Oldest Manufacturer of Industrial Rubber Products 
1 MARKET STREET— PASSAIC, NEW JERSEY 
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ELECTRA 


THE UGHTWEIGHT CHAMPIONS” 


You have the right ‘angle’ when you 
select ELECTRA-GEARMOTORS (Right 
Angle Type) because you get mount- 
ing convenience, dependable service 
and economy...plus light weight. 


RIGHT-HAND, LEFT-HAND 

OR DOUBLE-END SHAFTS 

Right Angle Worm Gear Type avail- 
able in Y% to 3 H.P., with speed range 
from 16 R.P.M. to 288 R.P.M. Right 
Angle Combination Single Helical and 
Single Worm Gear Type available in 
Y% to 1 H.P., with speeds from 4 
R.P.M, to 43 R.P.M. 


PROVED IN MANY 
DIFFERENT INSTALLATIONS 


ELECTRA Right Angle Type Gearmo- 
tors are used in hundreds of different 
applications ...on mixing and grind- 
ing machinery, machine tools, food 
machinery, conveyors and many other 
kinds of equipment to save weight, 
for attractive appearance and trouble- 
free performance. 


4 
> 


WRITE FOR BULLETIN 400 
WHICH GIVES BASIC ENGINEERING DATA 





> 


Gis 


REPRESENTATIVES IN PRINCIPAL CITIES 
NATION-WIDE DISTRIBUTION AND SERVICE 


ELECTRA MOTORS. INC. 


CALI'tiFORWNIA 





ANAWEIM 
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situations and simultaneously 
weigh all of these factors. Regard- 
less of the organizational changes 
that become involved, educators 
must find ways to develop design 
as a broad process of mechanical 
engineering. The output of tal- 
ented graduates with a developed 
interest and ability in design is far 
below the minimum needs of in- 
dustry and well below the poten- 
tialities of the American youth en- 
tering mechanical engineering de- 
partments. 

As early as 1920 there was a 
growing conviction that engineer- 
ing thinking did not include 
enough understanding of practical 
everyday relations with people in 
industry and business. Between 
then and 1950 the curriculum time 
aimed at this area of instruction 
was increased to as much as one- 
fifth of the total. Neither the 
mechanical engineering teaching 
departments nor engineers in in- 
dustry are favorably impressed by 
the results realized to date because 
the original aim has not been 
achieved. 

The undergraduate thesis has 
disappeared, and the number of 
project courses has decreased as 
the percentage of formal subject 
matter courses has become great- 
er. Irrespective of the merits or 
faults of subject matter courses 
and old project courses this repre- 
sents a trend away from the em- 
phasis on the training of the indi- 


| vidual student toward an emphasis 


on subject matter mastered. This, 


| coupled with a steady decrease in 
| laboratory and supervised design 
| and problem periods should be re- 


| viewed thoughtfully. 


| 
| 
| 


| 
| 





At a time 


| when there is a recognized need 


for more originality, creativeness 
and individual ingenuity amoug 
mechanical engineers it would be 
sad indeed to be turning out a gen- 
eration of students who could an- 
alyze and criticize ideas with great 
skill if only someone else would 
have the ideas. 

From a paper entitled “What are 
Contemporary Demands on the En- 
gineering Curricula — Mechanical 
Engineering” presented at the joint 
ASEE-ECPD meeting in Chicago, 
Il., September 1952. 





"Joe, getting 

small metal parts 
with precision 

tolerances is always 

a problem.” 


“Not when we 
have Torrington 
make them, Tom. 
Theit production 
methods and 
facilities are 
among the finest in the world.” 


The methods used by our Specialty 
Department in the production of pre- 
cision metal parts are the result of over 
86 years of constant effort to decrease 
the cost and improve the quality of 
our own products. Most operations are 
performed on automatic and semi- 
automatic machines — many of them 
Torrington-designed — that assure uni- 
form quality and precision. The latest 
heat-treating and finishing practices 
give proper temper and hardness. And 
mass-production techniques make pos- 
sible the greatest possible economy on 
any quantity of small metal compo- 
nents. 


If you need precision metal parts, ask 
us for a quotation. Just send us a blue- 
print or sample and tell us how many 
you need. The low cost will surprise 
you! 


Typical Torrington -Made Parts 


THE TORRINGTON COMPANY 
Specialty Department 
553 Field Street * Torrington, Conn. 
Makers of 


TORRINGTON 4//7/; BEARINGS 
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How U.S. Rubber helped 


develop a stamping press 





The new clutch assembly was ready to activate huge 
presses ... except for one very important part, the 
diaphragm. U.S. Rubber engineers were called in and 
presented with the problem...a diaphragm that could 
stand up under all conditions and long continuous 
operation. 

The answer was a diaphragm made of nylon cloth 
impregnated with Buna-N. When tested it exceeded 
the greatest requirements of the clutch assembly. One 
more example of how U.S. Rubber helps manufac- 
turers everywhere de- 
velop new products to 
serve industry better. 


This diaphragm made over 
6,000,000 cycles in the clutch 
assembly of a press such as 
those shown above. After this 
strenuous test, it shows no ap- 
preciable wear. 


UNITED STATES RUBBER COMPANY 


MECHANICAL GOODS DIVISION - ROCKEFELLER CENTER, NEW YORK 20, N. Y. 
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on industry’s doorstep to expedite your needs 
for quality tubular and split rivets, rivet-setting 
machines and special cold-headed fasteners. 
Write for an important new brochure, “THE 
MILFORD METHOD”, describing Milford’s latest 
contribution to industrial progress ... a com- 
plete service integrating fastener research, 
design and engineering with manufacturers’ 


production. sa 


THE NEW PACIFIC DIVISION 


719 $.Palm Ave. Alhambra, Calif. 


ee 


869 Bridgeport Ave. Milford, Conn. 


ILLINOIS DIVISION 
808 Iiinois Ave. Aurora, lll. 


1108 W. River St. Elyria, 0. 


28 Platt St. Hatboro, Pa. 





£87. 1000 


LFORD RIVET & MACHINE Co. 


the name to rivet in your memory 
for fasteners 





Review of 
Surface Finish Literature 


By John W. Sawyer 


Bureau of Ships 
Department of the Navy 


ONCLUDING the article “Re. 
view of Surface Finish Liter- 
ature,” which appeared in the Sep- 
tember and October issues of Ma- 
CHINE DESIGN, this subject index 
refers to the abstracts which com- 
prised the first two parts of the 
article. Literature published dur- 
ing the period 1945 to 1951 on the 
subject of surface finish was ab- 
stracted. 


salen 


Abrasive belts, 51-45 

Abrasives, 17-47 

Adhesion of paints, 50-45 

Aircraft engines, finish, 24-45, 25-47 

Aircraft skin, 7-46, 5-51 

Aluminum, finish, 30-47, 1-50 

American Electroplaters Society, 10-50, 11-50 

American practices, 10-46 

American Standard B46.1, 3-48, 17-48 

American Standards Association, 21-50 

Analysis of surface, 29-46, 35-46, 20-46, 6-48, 
2-50, 4-50 

Assessment of texture, 2-50, 9-51 

A.S.T.M. Committee B-8, 10-50 

Automobile valves, finish, 25-47 


Bean comparator, 26-47 

Bearings, 16-45, 55-45, 13-47, 20-47, 15-48, 
16-50, 20-50 

Bearings, capacity, life, 20-47, 27-48 

Behavior of surfaces, 14-46 

Bibliography, 51-45 

Binocular microscope, 1-51 

Black polish, 8-51 

Boring, 1-49, 4-51 

Boundary film, 8-45 

Brake drums, 55-45 

Brass casting, 1-50 

Bright field illumination, 10-50 

Brilliance indicator, 11-46 

British practices, 10-46, 9-51 

British Standard 1134:1950, 2-50, 9-51 

Brush Analyzer, 19-46, 23-50, 1-51 

Buffing, 8-51 

Burning, 16-45 

Burnishing, 16-45 

Bushings, 1-49 


~ 


Carrying surface, 13-49 

Castings, roughness, 25-46, 23-47, 1-50, 23-50, 
2-51, 4-51 

Ceramic surfaces, 2-50 

Chemical smoothing, 55-45 

Chrysler Corp., 10-48, 26-48 

Cloudburst process, 24-45 

Cold working, 16-50 

Collimator, 30-45 

Color effect, 19-46 

Comparascope, 1-46 

Comparator, 19-46, 32-46, 33-46, 15-47, 27-47, 
16-48, 12-50, 18-50 

Comparison between surfaces, 14-48, 4-51 

Comptor, 33-46 

Condition of tools, 14-48 

Conditioning surfaces, 7-46, 29-49, 23-50 

Conference on finishing, 8-45, 11-45, 17-46, 
18-45, 24-45, 8-46 

Contact area, 2-51 

Contact angle, 9-50 
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check these advantages of 
a 
Nylocli 


nylon cable hangers 
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These new, tough, lightweight, pre-formed Nylon 
cable hangers, developed by Burndy research, give 
you the important features of metal plus these 

” seven important extras: 


@ Resistant to heat and cold 
“ ... Withstand sustained temperature from 
—60°F to 250°F. 





: . ™ = —. » i 72 *} 
goeeeee rarer. tr tlereere oe at 


@ Resistant to solvents... undamaged we Nee 
by oils, gasoline, alcohol, hydraulic fluids. ‘ » x . 


a> 
~~ ~ 


a 
_ om, 










® High physical strength... hold 


shape indefinitely — even under severe stress. 


® High dielectric strength... can't 
short, nor ground, No hysterisis loss. 


© 70% lighter weight. . . than metal 
cable hangers of comparable size. 


© Ul standard sizes... to accommodate 
cables or bundles from 3/16” to 2”. 


o . 
© Easier working. |. clean, smooth, 
non-abrasive surfaces, rounded edges speed 
assembly, protect cable insulation. 


Write for samples, prices, delivery information. 


BURNDY ENGINEERING COMPANY INC., NorwaLk, CONNECT. BURNDY CANADA LTD., Toronto 8, onr. 
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Get 
astonishing 


POWER 


and other unique 
advantages with 


GAST rotary 
AIR 
MOTORS 


Model 8 AM 
Up to 4 H.P.— 
only 6'A” high 
(less muffler) 





a 
x 2 


2 


oe 


Model 
< 4AM Model 2 AM 
Up to 'A H.P.— 


Up to | H.P.— vom approx. 
only 5%4” high Va Ibs. 
(less-muffler). 


FOR YOUR ORIGINAL EQUIP- 
MENT APPLICATIONS ... 


Gast rotary-vane Air Motors may 
solve tough problems on your 
product! They're lower in first 
cost, variable in speed, explosion- 
proof, quick starting, amazingly 
compact and light compared to 
electric motors. 





Four sizes available, reversible 
and non-reversible ball bearing 
types, several mounting styles, 
speeds to 12,000 RPM. Numerous 
accessories. “Air may be your 
Answer!" 


Write Gast, stating your 


CATALOG] specific problem or men- 
in tion model that interests 
sweer S FULE 


~OOUCT GENGMLsS you. 


see Our 


Original Equipment Manufacturers for 


Over 25 years 
phy AOTAY 
AIR MOTORS - COMPRESSORS - VACUUM PUMPS 


(TO THREE HP.) (TO 30 185.) (TO 28 INCHES) 
GAST MANUFACTURING CORP, 107Hinkley St., Beaton Horbor, Mich. 
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Surface Finish 








Contour, measurement, 24-47, 12-50, 3-51 

Control of finish, 5-47, 19-48, 22-48, 23-48, 
28-48, 6-49, 26-49. 23-50, 3-51 

Correlation, 1-45, 6-45, 29-45, 45-45 

Correlation charts, 38-46 

Corrosion, 50-45, 16-46 

Costs. 5-47, 22-48, 14-50, 4-51 

Crankpins, 24-45 

Cross sectioning, 1-51 

sa aa parts, finish, 19-45, 32-45, 55-45, 


a 


Dark field illumination, 10-50, 1-51 

Defining roughness, 8-47 

Definitions, 30-45, 14-46, 3-48, 14-48, 2-50, 
14-50, 17-50. 21-50, 2-51 

Design, 27-48, 21-49 

Designating finishes, 7-45, 17-45, 14-48, 26-48 

Diagrams, 9-49 

Dial indicators, 25-46, 26-47, 1-50 

Diamond points, 17-47, 26-49 

Diamond tools, 32-47 

Diamond turning, 1-48, 1-51 

Die castings, 8-47, 28-47 

Direction of measurement, 2-50 

Disadvantage of smoothness, 55-45 

Dual microscope, 56-45 

Dye, 17-46 


Effect of finishes, 9-47, 5-48, 4-51 

Effectiveness of controls, 5-47 

Electric conductivity, 16-46 

Electro-deposited, 5-50 

Electroforming, 43-45, 
23-50 

Electrolytic integrimeter, 6-50 

Electrolytic polishing, 39-46, 5-48, 5-49 

Electron diffraction, 8-45, 2-47, 16-50 

Electron microscope, 8-45, 38-45, 50-45, 4-46, 
14-46, 2-47, 11-48, 16-49, 1-51 

Elgin watch methods, 24-48 

Epidascope, 12-50 

Equivalents (micro-rms), 18-46 

Etching techniques, 50-45 

Evaluation of surfaces, 1-45, 6-45, 37-45, 
40-45, 18-46, 30-46, 4-47, 5-49, 12-49, 4-51 

Exhibition, 13-45 


19-46, 26-48, 26-49, 


iain 


Fatigue, 24-45, 28-45, 32-45, 16-46, 9-47, 
16-50, 6-51 

Fatigue, effect of finish, 24-45 

Faxfilm, 5-45, 2-46, 10-50, 18-50, 1-51 

Feeler equipment, 21-48, 22-50 

Fellows, gear, 19-46 

Fine finishes, 6-45, 19-45, 34-45, 42-45, 52-45, 
30-47, 32-47 

Finger nail test, 36-47 

Finish blades, 32-46, 14-48, 16-48 

Finishing equipment, 34-47, 27-48 

Finishing methods, 51-45, 23-46, 35-46, 18-48, 
16-50, 4-51 

Flat parts, finish, 7-47, 5-49 

Fiatness, 26-47, 30-47, 18-48 

Fluid films, 55-45 

Forging, 23-50, 2-51, 4-51 

Formulas for roughness, 20-48 

Frankford Arsenal, 32-46 

Fretting, 24-46, 6-51 

Friction, 8-45, 19-45, 50-45, 55-45, 16-46 
18-49, 26-49, 16-50 


—-G— 


Gages, 3-51 

Gas adsorption method, 27-49 

Gas turbine components, 8-50, 12-50 

Gear cutiing, 19-46, 1-49 

Gear tooth profiles, 1-49 

Gears, 24-45, 2-46, 19-46, 29-46, 30-46, 
25-49, 18-50 

Gems, roughness, 7-50 

General Electric Co., 7-45 

General Motors Corp., 10-48 

Geometric standards, 26-48, 26-49, 23-50 

Gloss evaluation, 2-49, 3-50, 13-50 





a metal ball 
PROBLEM? 


let STROM 
Work It Out For You 


i 
Whether it is a pre- 
cision ball bearing 
or one of the other 

many ball applications in in- 
dustry, your problem will not be 
entirely new. Strom has been in 
on many ball problems and 
knows the importance of the 
right ball for the job. 

Strom has been making pre- 
cision metal balls for over 25 
years for all industry and can be 
a big help to you in selecting the 
right ball for any of your require- 
ments. In size and spherical 
accuracy, perfection of surface, 
uniformity, and dependable 
physical quality, there’s not 4 
better ball made. 





Largest Independent and Exclusive 
Metal Ball Manufacturer 


























here’s a 


to check 
ur and 













The Kodak Conju-Gage Gear 
Checker automatically records the 
composite effects of runout, base 
pitch error, tooth thickness varia- 
fon, profile error, lead error, and 
lateral runout. Illustrated is the 
Kodak Conju-Gage Gear Checker, 
Medel 4U, for gears up to 4%” 
pitch diameter. Larger and smaller 
models are also available. 
















wactical way 


helical gears 


CONJU-GAGE g SSy 
SS 


» +. anew way fo check gear precision in action 


To inspect all kinds of complex parts on a bright screen, Kodak also makes 
two highly versatile contour projectors. 
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In the final analysis, the accuracy of a 
gear is judged by whether or not it is 
good enough for the job. 

Individual checks on errors such as 
profile error and pitch error can show 
tolerable variations which could com- 
bine to give a result intolerable in per- 
formance. Conversely, two intolerable 
errors might cancel out. But the com- 
posite check recommended in the Amer- 
ican Standard (AGMA 236.02; ASA 
B6.11-1951) tests gears in action—tells 
at once whether or not the gear will do 
the job required. 

With a Kodak Conju-Gage Gear 
Checker, you can check composite error 
to the closest tolerances. The reason lies 
in the Kodak Conju-Gage Worm Sec- 
tion. A single Worm Section, replacing 
a collection of master gears, can be used 
to check any spur or helical gear of any 
helix angle providing it has the same 
normal pitch and pressure angle. Its 









INSTRUMENTATION ~ 











inherently simple and accurate form per- 
mits grinding to tolerances almost im- 
possible to obtain in circular masters, 
especially in finer pitches. 

Quick, conclusive, and accurate, the 
Kodak Conju-Gage Gear Checker makes 
it easy to meet specifications limiting 
tooth-to-tooth composite error to as 
little as .0002”. It automatically writes 
records to hold or ship with finished 
gears. And the gaging element can be 
checked in your own toolroom—eco- 
nomically reground to original speci- 
fications if necessary. 

To find out how the Kodak Conju- 
Gage Gear Checker can solve your pre- 
cision inspection problems, send for the 
booklet, “Kodak Conju-Gage Gear Test- 
ing Principle.” It’s yours for the asking 
by writing to Eastman Kodak Company, 
Industrial Optical Sales Division, Roch- 
ester 4, N. Y. 

















STAINLESS 
STEEL 


PLATECOILS 


REPLACE 


fo SAVE YOU 507 in TANK HEATING 
and cooling 


You SAVE 50% in tank SPACE 


A 22x47" Platecoil gives the same heat 
transfer surface as 32 ft. of 1%” pipe. This 
pipe requires a space approximately 30” x 
60°. Platecoil thus saves about 50% over 
equivalent pipe coil in space inside your tank. 

















SAVE up to 50% in initial COST 


The initial cost of stainless steel Platecoil is 
often 50% or more below the cost of equival- 
ent pipe coil. Less time is required to install 
Platecoil with corresponding saving in in- 
stallation labor. 


Surface Finish 














You have 50% 
LESS WEIGHT to handle 


Weighing only about half as much as equival- 
ent pipe coil, Platecoil is easy to handle. A 
whole maintenance crew is not needed to 
transport and install it. 














You SAVE 50% 
in maintenance LABOR 


The Platecoils can be replaced in a matter of 
minutes and without emptying the tank. There 
is no need for workmen to get inside the tank 
in order to make replacements. 












































Send for your free copy of the new 
brochure of Platecoil applications, 
Write for Bulletin No, P71. 


PLATECOIL 


KOLD-HOLD MFG. CO. 


LANSING 4 MICHIGAN 





Glossmeter, 6-46, 3-50 
Gold plating, 19-46, 26-48 


Grinding, 16-45, 18-45, 19-45, 5-46, 23-4 
32-46, 5-48, 1-49, 10-49, 23-50, 1-51 


Guns, finish, 25-47, 19-48 


—H ||, J— 


Hardness, 16-46, 31-47 

Herschman’s method, 10-50, 18-50 

Histogram, 10-46 

Hobbing, 19-46 

Honing, 16-45, 23-46, 23-50, 1-51, 4-51 

Hoop stress, 32-45 

Hydro lap, 1-51 

Index numbers, 2-50 

Inspection, 2-46, 5-46, 6-46, 31-46, 12-46 
25-47, 18-50 

Instruments, 1-45, 9-45, 16-45, 25-45, 30-45, 
34-45, 44-45, 46-45, 47-45, 40-45, 


26-46, 27-46, 28-46, 29-46, 33-46, 34-46, 1-47, 
5-47, 11-47, 15-47, 19-47, 23-47, 36-47, 
5-48, 7-48, 11-48, 12-48, 25-48, 1-49, 6-49, 
15-49, 23-49, 29-49, 2-50, 6-50, 9-50, 10-56, 
11-50, 14-50, 15-50, 19-50, 21-50, 22-50, 23-56, 
24-50, 25-50, 1-51 

Interference microscope, 22-46 

Interference patterns, 22-46 

Interferometry, 3-49, 24-50, 1-51, 3-51 

Interpretation of roughness, 27-48, 9-49 

Journals, 24-45, 55-45 


— 
Laguee. 18-45, 24-45, 23-46, 32-46, 5-50, 1-51, 
4-. 


Laps, 18-45 

Lay, 8-47, 10-47, 3-48, 2-51 

Lead screws, 25-48 

Light, angle of incidence, 11-46 

Light field illumination, 1-51 

Light slit method, 3-46, 15-48 

Liners, air compressors, 1-49 

Locomotives, 32-45 

Lubricant, extreme pressure, 8-45 
Lubrication, 3-45, 8-45, 55-45, 14-49, 16-50 


—M, N— 


Machined finishes, 32-46, 27-47, 30-47, 4-48, 
1-50, 4-51 

Machined surfaces, 6-46, 19-46, 14-49, 4-51 

Machining methods, 5-48, 10-48, 20-48, 27-48, 
18-49, 23-50 

Macro roughness, 53-45, 16-46 

Maintenance, 32-45 

Mapping, 3-51 

Master finish specimen, 12-48, 14-48, 16-48, 
26-48, 26-49, 28-49 

Materials, 7-46, 34-47, 18-49 

Mattness, 7-51 

Mean surface, 2-51 

Measurement methods, 4-45, 5-45, 7-45, 10-45, 
12-45, 31-45, 37-45, 40-45, 45-45, 47-45, 
2-46, 3-46, 5-46, 6-46, 10-46, 13-46, 14-46, 
15-46, 17-46, 18-46, 22-46, 24-46, 25-46, 
26-46, 28-46, 29-46, 31-46, 32-46, 35-46, 1-47, 
2-47, 11-47, 28-47, 29-47, 1-48, 6-48, 8-48, 
9-48, 11-48, 13-48, 15-48, 16-48, 19-48, 21-48 
25-48, 6-49, 9-49, 10-49, 12-49, 16-49, 19-49, 
25-49, 27-49, 29-49, 7-50, 8-50, 9-50, 12-50, 
15-50, 18-50, 21-50, 22-50, 23-50, 1-51, 3-8! 

Mechanical properties, 9-46 

Metal surfaces, 6-45, 3-49, 9-49, 15-50 

Micro roughness, 53-45, 16-46, 18-46 

Microscope, 1-45, 6-45, 40-45, 56-45, 
4-46, 14-46, 15-46, 22-46, 32-46, 8-47, 
15-47, 11-48, 16-49, 1-51 

Milling, 5-48 

NACA, 14-47 

Napier technique, 29-46 

National Bureau of Standards, 1-45, 
14-47, 3-50, 13-50, 16-50, 3-51 

Needle point, 16-47 


—O, P— 


Optical flats, 21-46, 3-51 


Optical methods, 34-45, 52-45, 2-46, 
28-46, 35-46, 15-47, 15-48, 16-48, 
19-50, 1-51 

Ordnance finish blocks, 32-46 
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Statement of Design Engineer: 


The #21 Maxitorq Clutch was selected for the main 
drive clutch on the 108 coil winder because previous expe- 
riences have proven Maxitorq clutches could be depended 
upon to give trouble-free, reliable performance. In this par- 
ticular application a clutch was required that would give 
thousands of smooth starts with a minimum of adjustments 


or maintenance. 


@ jf 
oe; 

j 
/ 


MAXITORG 











KEEPS GOOD COMPANY 


The Maxitorq floating disc clutch is making a lot 
of good friends these days... as evidenced by the 
statement above from Universal Winding Com- 
pany, Providence, R. I. 


Their No. 108 Electrical Coil Winding Machine, 
winner of an award from “Electrical Manufac- 
uring” for product design, is equipped with a 
Maxitorq Clutch...one of many new Maxitorq 
installations in textile machinery. 


If you are a product or machine designer you will 
discover in Maxitorg the solution to many problems 
in power transmission. Maxitorq gives you 8 sizes 
from 14 to 15 H.P. in standard sizes . . . 6 sizes in the 


Automatic Overload Release type. Compact stream- 
lined design, precision machining and a variety of 
rearrangements in installation and driving hookups 
make Maxitorg a versatile control for Machine 
Tools, Power Trucks, Textile and Printing 
Machinery, Packaging and Labeling equipment, 
Mining, Laboratory, Ordnance... and for many 
other types of industrial power operated machinery. 


A high type of engineering service is available on 
request. Write us for details. 


SEND FOR CATALOG 
No. MD11 











THE CARLYLE JOHNSON MACHINE COMPANY 
MANCHESTER ¢« CONNECTICUT 


*CiS2 
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More \tamina 


DENISON 2 
tn ONL ics ri 


Pump/Motors are made in 
four sizes, each offering a 
series of inter-changeable cam 
rings, providing capacities to 
meet your specific need. 


Complete Radial Balance 
Hydraulically balanced vanes 
reduce load on cam ring, re- 
tain low loading characteris- 
tics at off pressures. Balanced 
design assures an extra mar- 
gin of trouble-free service. 


_ | iv 
} £ A 
ye 
nd 
Ruggetl Space-Saving Design 
Compact construction makes 
Denison Pump/Motors easier 
to adapt to any circuit plan. 
Model TMB12, shown above, 
delivering up to 7.5 gpm at 
2000 psi, is only 4%” high, 
4%," wide, and 8” long in- 
cluding the shoft. 
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DDenison’s dual-purpose Pump/- 
Motors combine rugged, compact design with 


hydraulic balance—they stand up longer under 
continuous, heavy-duty use at 2000 psi. 


Hydraulically balanced vane and rotor action 
means smooth, uniform, radially balanced 
operation. It assures minimum wear on both 
the vanes and the cam ring, and reduces surge 
and pulsation to a minimum. For added effi- 
ciency, vanes are designed to contact the cam 
ring with dual sealing edges. 


Operating at 1200 rpm and 2000 psi, the four 
Pump/Motor sizes offer pumping capacities 
from 2.7 to 70 gpm, and motor torque rat- 
ings range from 13 to 257 pound-inches per 
100 psi. And all models are ready to operate 
as either pumps or motors, without alterations 
of any kind. 


Wherever you need rugged power for circuits 
developing up to 2000 psi, Denison Pump/- 
Motors offer the finest money can buy. Write 
for Bulletin P-S. 


The DENISON Engineering Co. 
1156 Dublin Rd., Columbus 16, Ohio 





Surface Finish 





Oxide layer, 8-45 

Peak to peak values, 6-45, 29-45 

Performance of machined parts, 16-50, 20.59 

Phosphated coatings, 35-47 

Phosphating, 55-45 

= method, 6-46, 11-46, 17-46, 4-47, 

Photographic emulsion technique, 19-49 

~~ Pe equipment, 40-45, 22-46, 31-46, 

Photography of surfaces, 7-50 

Photometer, 7-51 

Photomicrographs, 3-46, 17-48, 10-50 

Physiochemical state of surface, 53-45 

Piezo elements, 16-47 

Ping pong ball method, 10-50 

Piston rings, 19-45, 24-45, 55-45 

Piston rod finish, 25-47 

Pitter gage, 40-45 

Pitting, 6-51 

Plane surfaces, 22-45, 11-46 

Plastic, 22-47, 1-48, 6-48, 19-48, 25-48, 2-49 

Plastic deformation, 9-49 

Plated coatings, 35-47 

Pliable film, 18-50, 1-51 

Pneumatic principle, 34-45, 53-45, 

Pneumatic profilograph, 12-49 

Polarization, 6-50 

Polished surfaces, 2-47, 5-48 

Polishing, chemical electrolytic, mechanical, 
5-46, 9-46, 5-48, 5-49 

Precision measurement, 21-46 

Production methods, 16-45, 18-45, 19-45, 23-50 

Proficorder, 7-48, 23-50 

Profile charts, 1-45, 4-46, 10-46, 16-46, 22-46, 
16-47, 7-48, 1-50, 8-50, 10-50, 12-50 

Profilogram, 20-46 

Profilometer, 6-45, 29-45, 30-45, 41-45, 18-46, 
19-46, 8-47, 17-47, 29-47, 23-50 


Propellers, measurement of, 24-47 
Protective coatings, 16-50 
Punches, finish of, 26-47 

PVE ‘‘Critic’’, 40-45 


—Q, R— 
Quality control, 31-46, 1-47, 12-47, 19-48, 23-48, 
24-48 


Quality determination, 4-45, 14-48, 1-49, 11-50, 
21-50, 8-51 

Quantitative measurement, 17-46, 28-46, 21-48, 
5-49, 19-49, 24-49 

Railway wheels, 1-49 

Razor blades, 12-46, 7-50 

Reamers, finish of, 25-47 

Refinishing surfaces, 22-45 

Reflected light, 15-47 

a meter, 40-45, 44-45, 8-47, 12-48, 

Reflectivity of metals, 12-46 

Replica, 1-45, 6-45, 37-45, 38-45, 43-45, 17-46, 
4-47, 14-47. 22-47, 1-48, 6-48, 9-48, 25-48, 
26-48, 2-49, 4-49, 25-49, 18-50, 23-50, 1-51 

Requirements in finish, 14-45, 20-45, 6-47, 8-47 

Residual surface stresses, 14-49 

Review, 21-45 

Rhodium plate, 7-51 

Root mean square, 6-45, 2-51 

Rouge, 18-45 

Roughness, 10-46, 11-46, 13-46, 15-46, 18-46, 
10-47, 16-47, 17-47, 18-47, 3-48, 10-49, 1-50, 
6-50 

Roughness meter, 11-46 

Roughness number, 2-51 


Roughness testing, 2-45, 2-48, 11-48, 13-48 
15-49, 16-49, 19-49, 27-49, 7-50, 18-50 


Rubber, finish, 46-45, 33-47 
Rugosimeter, 46-45, 33-47 
Ruling grooves, 10-48, 26-49 
Run-in, 8-45 


anfipe 
S.A.E., 17-49, 16-50, 17-50, 21-50 
Schmaltz method, 3-46, 11-46, 15-48, 10-5). 


Schmalz-Zeiss microscope, 22-47 
Scraped surface, 12-45 

Scratch depth, 18-45 

Scratch pattern, 22-48 
Scuffing, 55-45 
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Job Proved 
HYDRAULIC 
POWER 
to 5000 psi 


Denison High Pressure Axial Piston Pumps have Get MORE POWER ; 
received unqualified approval on countless high our MONEY \' 
pressure applications—industrial, oil, field con- FOR Y 
struction, marine, automatic, and ordnance. 


Their powerful, compact construction features 
hydraulic balance throughout . . . elimination of 
thrust bearings . . . improved shaft construction: 
that absorbs deflection and compensates for exter- 
nal shaft loads or coupling misalignment. Space- 
saving design, = a — _ face, Y my and foot Stem, Cylinder, Handwheel or 
mountings, simplifies installation. The advantages 
of Sesion hydeaulic pumps can be proved by fo Compensator Control 
parison on your job. Write for full information. 


Constant or Variable Volume 





Volume Capacities to 35 gpm 


BULLETINS ON 
PUMPS AND CONTROLS 
TO Fit YOUR NEEDS 


DE h ISON Have you investigated 


the new Denison 


1156 Dublin Road, Columbus 16, Ohio TE A @) | PMI | Vone-Type Pump/Motor? 


The DENISON Engineering Co. 
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SHOCK and VIBRATION NEWS 


| BARRYMOUNTS FOR ASSURED CONTROL OF SHOCK AND VIBRATION | 


‘ 


2 = 4 


| ey 


answer 


TO YOUR SHOCK AND VIBRATION PROBLEMS 


will be found in this complete family of Barrymounts. 
From tiny, ounce-rated unit mounts . . . through rug- 
gedized bases .. . to heavy-duty isolators for industrial 
machinery ... Barrymounts meet all your needs. FREE 
CATALOGS give you details of dimensions, load ratings, 
and military specifications met by these effective vibra- 
tion and shock isolators. 


FOR AIRCRAFT SERVICE 
Catalog 509 describes ALL-METL Barrymounts for use 
at extreme temperatures. Catalog 502-A covers Air- 
damped unit mounts and bases. 


FOR INDUSTRIAL USES 
Catalog 504-B describes the general line of Barrymounts 
rated from 4% ounce to 3300 pounds. Catalog 607 covers 
the use of Barrymounts with heavy industrial machinery. 


And for SPECIAL PROBLEMS 
ask the advice of our Field Engineering department, or- 
ganized to apply our wide experience to your particular 
needs. 











Address all inquiries to: 


TH BARRY coe. 


722 PLEASANT ST., WATERTOWN 72, MASSACHUSETTS 


: SALES REPRESENTATIVES IN 
Atlanta Chicago Cieveland Dallas Dayton Detroit Los Angeles. 
Minneapolis New York Philadelphia Phoenix Rochester St. Louis : 
San Francisco Seattle Toronto Washington 


Surface Finish 








Shadow casting, 16-49 

Shininess, 6-46 

Shop experience with instruments, 1-49 

Shot blasting, 24-45, 28-45 

Sliding surfaces, 8-45, 7-49 

Slip lines, 9-49 

Smoked glass, 12-45, 8-50 

Smoothness testing, 1-46, 6-46, 10-46, 11-4 
30-46, 33-46, 6-47, 18-47, 21-47, 22-47, 33-47 
6-48, 9-50 

a ~ nana 16-45, 13-46, 14-48, 16-48, 16-59, 

Standard specimen, 19-46, 10-48, 16-48, 26-49 
28-49, 5-50, 18-50, 23-50 

Standardization of surface test, 20-49, 22-59 

Standards, 13-45, 36-45, 48-45, 19-46, 32-49 
10-47, 27-47, 8-47, 3-48, 4-48, 16-48, 17-48 
23-48, 26-48, 2-49, 17-49, 18-49, 25-49, 28-49 
2-50, 5-50, 17-50, 21-50, 23-50, 2-51, 9-51 

Steam valve finish, 25-47 

Steel—finish, 29-45, 1-46, 30-47, 1-50, 9-5) 

Steel mill equipment, 27-48 

Stereomicroscopy, 1-51 

Stereoscopic pictures, 16-49 

Straight edge shadow method, 47-45, 1-51 

Straight edges, 18-48 

Stress distribution, 9-47 

Stress, residual, 24-45 

Structure of surfaces, 50-45, 8-45 

Sulphur graphite replica, 23-50, 1-51 

Superfinishing, 3-45, 16-45, 24-45, 53-45, 7-46 
11-46, 23-46, 9-46, 12-46, 3-47, 7-47, 13-47 
25-47, 7-50, 23-50, 4-51 

Surface analyzer, 16-47 

Surface appearance, 3-47 

Surface defects, 9-46, 3-47, 19-48 

Surface deformation, 14-49 

Surface grinding, 30-47, 4-51 

Surface irregularities, 52-45, 24-46, 86-47, 19-4 

Surface plates, 26-47 

Surface recorder, 18-47 

Surface roughness, 2-51 

Surface roughness width, 2-51 

Surfascope, 12-48, 13-49 

Symbols, 13-45, 26-48, 2-50, 17-50, 2-51 


= 


Talysurf, 12-45, 23-45, 30-45, 27-46, 15-49 

Taper sectioning, 29-45, 32-46, 7-49, 26-49, 
10-50, 23-50, 1-51 

Temperature, generation, 19-45 

Test results, 28-45, 15-48, 20-48, 2-49, 8-40 
22-49, 29-49, 16-50 

Thin layer effect, 16-49 

Tomlinson recorder, 15-45, 30-45 

Tool feed rates, 20-48 

Tool life, 55-45, 8-49 

Tool sharpness, 1-49 

Tool speeds, 20-48 

Tools, 13-47, 25-47, 14-48, 14-49 

Topograph, 9-45, 33-45, 34-45, 35-45, 1847 
21-47 

Total surface, 13-49 

Tracer point, 17-47, 10-50 

Tretini tester, 34-46 

Turbine blades, 8-50, 12-50 

Turning, 23-50 

Tyre section, 32-45 


—U, V, W, X, Y, Z— 


Undulations, 12-45 

U. S. Department of Defense, 2-51 

U. S, Rubber Co., 19-46 

Use of standards, 3-48 

Valve sleeves, 29-46, 35-46 

Visual comparison, 40-45, 19-46, 11-50 

Watches, 24-48 

Waviness, 12-45, 25-45, 49-45, 24-46, 10-47 
8-47, 3-48, 7-48, 2-51 

Wax replica, 23-50, 1-51 

Wear, 19-45, 20-45, 55-45, 14-47, 22-47, 18-46 
16-50, 18-50, 6-51 

Wear reduction, 24-45 

Wear resistance, 24-45 

Westinghouse Electric Corp., 29-47 

Wetting, 9-50 

Workshop operations, 28-45 

X-ray, 16-50 
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1) | Now you can get this revolutionary starter in sizes 


0,.1, 2, and 3. The size 3 uses the same new principle 






of arc interruption—with magnetic blow-outs and 






twin-break contacts—which has proven so success- 
ful on size 2... Here is a rugged AC Magnetic 
Starter that provides the extra protection and 






, 7-46 
13-47 







dependable operation of Mill-type, heavy-duty con- 






struction in a compact unit. In addition to the many 






, 19-48 
built-in features which mean better performance, this 






starter is designed to reduce maintenance costs to an 






absolute minimum. Contact surfaces can be quickly 






inspected without tools. Contacts can be quickly 






replaced with a screw-driver and a wrench without 






5-49 


24,8 temoving starter from cabinet. All parts are acces- 






sible and removable from the front. Captive screws 






are used wherever possible to simplify reassembly. 





18-47 














Clark Bulletin 6013 type’ CY” AC Magnetic Starter, 
Size 3 with NEMA 1 cabinet cover removed. 
Note clean design, with plenty of wiring space, 
CLARK Type”CY” AC Magnetic Starters are 
available in a wide variety of sizes, types of 
cabinets, and combinations of devices. Write 
for information. 



































0-41 





8-45 
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POLYPENCO TEFLON’ 


available for economical fabrication 





Extruded .187"’ dia. to 2.0” dia. 
Tolerance +.002’’—.000” up to 1” dia. 
Molded 2.25” dia. to 4.0” dia. 
Beading .030” to .187" dia. 





Extruded .50” to 2.0”’ O.D. 
3/16" to 1.0” L.D. min. wall %” 


Molded 1%" to 8” O.D. at %" intervals 
Wall thickness ¥%"’—2%" 





OTHER 
SHAPES 


Strip thickness .002"’ to .060”’ 
Slab thickness ¥%"’ to 1%2” 
Special extruded shapes to customer specifications 





Outstanding properties of TEFLON 


Advantage 





WIDE SERVICE 
TEMPERATURE 
RANGE 


—100°F to +500°F 





CHEMICALLY INERT 


Resists all known acids, alkalies and com- 
mercial solvents over the service temperature 
range. 





ZERO WATER 
ABSORPTION 


Water will not wet the surface. 





LOW POWER 
FACTOR 


.05% p.f. constant over entire frequency 
spectrum. 





STABLE DIELECTRIC 
CONSTANT 


2.0 unchanged over entire spectrum. 





TOUGHNESS AT 
LOW TEMPERATURE 


Izod impact strength —70°F 2 ft. lbs./in. 





*Teflon is a trademork of the 
E. I. Dupont Co. 


also available to your specifications 
MACHINED PARTS - MOLDED PARTS 


Potypenco /n!en 


teflon 


Write for technical data and prices on Polypenco Teflon and Nylon 
The POLYMER CORPORATION of Pennsylvania « Reading, Penna. 





Domestic 


Food Freezers: Model HR-9? 
has 9.2 cu ft (322 Ib) capacity; 
Model HR-132, 13.2 cu ft (462 Ib), 
Counter height, flat top construe. 
tion. Top is insulated with 5-in, 
layer of fibrous glass for greater 
effectiveness in retaining zero cold 
temperatures throughout interior, 
Freezing compartment separate 
from storage space is refrigerate 
on the sides and bottom so that 
foods “can be frozen quickly. 
Equipped with sliding storage 
baskets and, on larger model, mov. 
able dividers to provide easier 
stacking of food. Interior light r- 
cessed in freezer top automatically 
lights storage compartment when 
top is opened. Cooling coils built 
into front, back and sides of the 
cabinet are spaced closer together 
at the top to equalize cabinet tem- 
perature. Size, 36 in. high, 31 in. 
deep, and 534% and 70% in. long 
respectively. Frigidaire Div., Ger- 
eral Motors Corp., Dayton, O. 

Automatic Dishwasher: Pre 
plumbed MCP-14 “QuiKonect” mod- 
el uses simplified drain unit that 
can be plumbed out either side of 
appliance base, depending on which 
side of existing plumbing dish- 
washer is installed. Has standard 
features including front opening, 
electric drying, single dial control, 
top power spray, and double wash 
and rinse cycles. Hotpoint (Co. 
Chicago, Il. 


Heating and Ventilating 


Gas-Fired Unit Heaters: Range 
in capacities from 50,000 to 230, 
000 Btu per hour input. Heat ex 
changer has staggered horizontal 
steel tubes which are rolled into 
heavy end sheets, boiler tube style, 
and fortified with additional outer 
and inner rolled flanges. Heat get 
erator includes burner heads and 
mixing tubes of one-piece cast iro? 
construction engineered for com 
bustion of natural, manufactured, 
mixed or liquid petroleum 8% 
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and Templates offered 
by Ortman-Miller Co. 


Book outlines several special 
features of O-M cylinders. 


FREE 


A new, 28 page catalog has just 
acity.§ [ee2 released by the Ortman-Mill- 
Yl er Machine Co. which gives com- 
2 Ib). plete engineering specifications, 
struc-§ data on O-M’s special internal 
3-inf jocking system and special full 
"eater listing of O-M parts. Prepared for 
) cold designers and users of cylinders 
erior.§ for any application, it covers 
arate standard, oversize and 2-1 piston 
ratei ods, giving full information on 
tha] all sizes from 1 ¥,” to 8” bores. 


icky.’ SPECIAL FEATURES 


rast Included are detailed explanations 
mov-§ of the many features which have 
asict’ made ORTMAN-MILLER cyl- 
it re inders standard in thousands of 
cally plants throughout the country. De- 
when tailed drawings and copy explain 
built’ the special shear bar assembly 
‘ they which completely eliminates bul- 
ky end caps and tie rods, thus sav- 
ing up to 14 in space. In addition, 
it shows the vast number of inter- 
changeable mountings and appli- 
cations which almost always elim- 
inate the need for special castings 
or patterns. This feature alone not 
only saves initial costs, but cuts 
down on inventory and greatly 
speeds up delivery on every order. 









IR-92 



























that 

eft --------------— - 
“ Special Note: 

ish- 

af | 14 DAY DELIVERY 
ing, § | Increased production facilities and 
trol, § | standardization of parts continue 


| to make possible delivery in 14 
| days or less on almost all orders 















Co. Et | for O-M cylinders. Write today for 

| details. 

FREE TEMPLATES 

In addition to the FREE catalog, 
ng¢ § Ortman-Miller also leads the field 
30, f in making available FREE TEM- 
ex-f PLATES of all O-M cylinders. 
tal Prepared in half and quarter 
nto Scale, they are extremely useful 
“le, 2 design and application of O-M 
ter cylinders to your special require- 

ments. 
el- 
ind § For your FREE Catalog or tem- 
ron § Plates, use the coupon in the ad 
m- @ % the right. Or write to ORT- 
ed, f MAN-MILLER Machine Co., 
i 1210 150th St., Hammond, Indi- 





ana, 
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FREE Cylinder Catalog . 





or ¥, scale templates 


showing 


ders and mounting 


FREE! 


all 


brackets. 
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| 
| l 
act aa Y% fee A hey *. ! _ } 
PS Be | Name Position i 

| I 

I | 

I | 

! i 

I 1 


CYLINDERS — 


EN; Fy - decd ets eed 
at Cage POPE aati a 


a 14 DAY DELIVERY 


Complete standardization of interchangeable parts and 
elimination of need for special patterns and castings mean 
faster production, lower costs. Even the most difficult “‘cus- 
tom” applications can almost always be made from O-M 
standard cylinders . . . without delay! 


NO TIE-RODS, BOLTS or SCREWS! 


.. . New simplified design completely eliminates bulky end caps 

‘> and tie rods, saves up to %4 in space. No bolts or screws. 
Special circumferential keys allow quick, easy installation. 
even faster repacking. 


. O MACHINED STEEL, NO CASTINGS 


All cylinder body parts are bar stock steel, made in 
automatic screw machines. No castings whatsoever. 
All bearing surfaces are bronze. 


~ 0 SAVE SPACE, TIME AND MONEY 


O-M special features mean less inventory 

. increased uses from standard sizes. 
ivaie Interchangeable mounting brackets, ports 
* adjustable to any angle. Full range of 


es’ sizes from 142” to 8” bores. 


Hg 
ah ORTMAN MILLER MACHINE CO. 
1210 150TH ST. 


HAMMOND, INDIANA 
CO Aa 


Gives full details, 
data and specifica- 
tions on all O-M 
cylinders. Standard, 
oversize & 2-1 pis- 


= 
ro 
or 




















Ortman Miller Machine Co. 
1210 150th St., Hammond, Indiana 


Please send me—FREE CATALOG of O-M cylinders 
—FREE SET of % scale templates 
—FREE SET of % scale templates 


ton rods. 





cylin- 


Company 








Address 























OML: FREE 
SELF-LUBRICATING 





Widely Used Where Ordinary 
Oil Lubrication Is 
Impractical or Impossible. 


EXCELLENT DURABILITY © CONSTANT 
CO-EFFICIENT OF FRICTION © APPLICABLE 
OVER A WIDE TEMPERATURE RANGE 
souipirics on cansonizes @ OPERATE DRY, OR AT 
HIGH SPEEDS SUBMERGED IN WATER, 
GASOLINE AND OTHER LIQUIDS © EXCEL- 
LENT FOR CURRENT-CARRYING BEARINGS 


GRAPHALLOY materials are also in wide use for oil- 


free, self-lubricating piston rings, seal rings, thrust 
washers, friction discs, pump vanes etc. 





Me me SRUSHES 
PRODUCTS 
O 
For applications requiring low 
electrical noise, low and con- 
stant contact drop, high current 
density and minimum wear. CONTACTS 


Used for SELSYNS, DYNA- 
MOTORS, SYNCHROS, ROTA- 
TING STRAIN GAGE pick-ups 
and many other applications. 
Brush Holders and Coin Silver 
Slip Rings also available. 


als 


Write for data sheets. Outline your problem and let 
us help solve it. 


GRAPHITE METALLIZING 








CORPORATION 


1045 NEPPERHAN AVENUE + YONKERS, N. Y. 





New Machines 





Burners, pilot: and control valves 
are combined in removable draw- 
er type assembly. Curved louvers 
direct heated air to worker zone. 


Room Air Conditioner: Small 
Model G3A for mounting on win- 
dow sill. Main weight of unit bal- 
ances on window sill; unit projects 
only 9 in. into room and does not 
extend outside normal building 
line. Cools rooms up to 350 sq ft 
at night and rooms up to 230 sq 
ft if used both night and day. 
Rated at 1/3-hp; operates on 115-. 


justable vent for permanent instal- 
lation or portable use. Operates 
on counterflow principle of spray- 


areas to form a 6-ft high blanket 
of heat in work zone. Recommend-| 
ed for permanent use in confined 
areas such as small plants, gar- 
ages, offices, warehouses, etc. Heat 
output vented is 130,000 Btu per 
hour. When used without a flue, 
free heat is directed back into| 
blower and discharged “superheat- | 
ed,” increasing output to 168,000) 
Btu per hour. Operates from de- 
tached fuel supply, burning No. 1 
or No. 2 fuel oil, kerosene or diesel 
oil. Size, 21 by 33 by 69 in.; 
weight, 345 lb. Fageol Heat Ma- 
chine Co., Detroit, Mich. 





Materials Handling 


Fork Lift Truck: Model 350, 
14-ton capacity, for use in confined 
areas, gangways or upper floors. 
Fork height closed, 68 in.; open, 
114 in. Overall length, without 
forks, 56 in.; width, 34 in. Turn- 
ing radius, without forks, 55 in.; 
with forks, 80 in. Hambro Ma- 
chinery Div., The Powerad Co., 
New York, N.Y. 


Pneumatic Hoists: Redesigned 
line features safety load hook as 
standard equipment; safety, 
tional for suspension hook; im- 
proved lubrication system; extra 
bearing in motor drive shaft; heav- 
ier control level; hardened ring 
gears. Pendant controls available 
for handling unwieldy loads; ac- 








|The Trane Co., La Crosse, Wis. | 


v, ac line. Quiet-Heet Mfg. Corp.,' © 
Newark, N. J. | F 
Heater: Model VO-168 has ad- 


ing heated air out across floor | 


Op-| | 





















































“Clinched by a squeeze, with 
the Greatest of Ease’”—PEM 
Nuts are the answer to load 
bearing threads in steel, alu- 
minum, brass or copper sheets 
—“Too thin to Thread”’. 


More than 600 leading manu- 
facturers have standardized 
on these self-clinching fas- 
teners because simplified 
assembly of one or several at 
a time, with standard tools, 
soon pays for their low cost. 


Positive lock prevents turning 
of fasteners. Reverse side of 
sheet remains flush. No 
swedged rim projects. 


Write for literature and sam- 
ples for trial, Penn Engineering 


& Manufacturing Corp., “ 
Doylestown, Pa. Ve 
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When requirements call f@Ppractically pure direct 
current or high cycle power for laboratory or produc- 
tion, inquiries invariably pin point in the Bogue 
direction. And, Bogue engineering-production ability 
has long been known for fine control equipment. 


As we look forward to our 61st year of service 
to American Industry we pledge an ever increasing 
quality of power equipment to meet your varying 
needs for high precision products. 


BOGUE DC GENERATORS PROVIDE 
LOW RIPPLE PRACTICALLY PURE DC CURRENT 





BOGUE MAGNETIC AMPLIFIERS FOR PRECISE 
CURRENT CONTROL WITHOUT MOVING PARTS 


: ee Ia 


} . 
a 


Sal tadiaailanaiaill 





fil i . fie 


BOGUE 400 CYCLE POWER FOR 
LABORATORY OR PRODUCTION TESTING 











AND . . . Precision Sclonium Rectifiers, AC and DC Motors and 
Generators, Alternators, Power Supplies for Controlled Current and 
Voltage with output regulated to 1 %—less than 1 % ripple, Magnetic 
Controllers, Marine Cqvipment, Railway Equipment, Aircraft Equip- 


ment, Petroleum Equipment, Communication Equipment. 


Ua 60° Vlua 
BOGUE PRECISIGN POWER 
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We COCUE Crittwiin... 


It’s part of the Bogue service to plan with you 
for future requirements. Our technical staff is al- 
ways ready to help you solve tough problems. 


And the Bogue Criterion, the symbol of quality, is 
your assurance of continued high standards through- 
out the Bogue organization. 


Bogue Electric Manufacturing Company 
Paterson 3, New Jersey. 
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BRIGGS & STRATTON 


z 
Baiocs STRATTON 


Wold 
Wide 


SUPERVISED 
SERVICE 


Preferred power on portable conveyors for economically moving bulk materials! 
These are the world’s most widely used single-cylinder gasoline engines on hun- 
dreds of kinds and types of machines, tools and appliances. They are preferred 
by industry, construction, railroads, oil fields, and on equipment for farms 
and farm homes. 


HEREVER you find gasoline powered equipment 
doing the job better, faster — invariably the power is 
Briggs & Stratton. These single-cylinder, 4-cycle, air-cooled 
gasoline engines are leaders in the field and preferred for 
dependable power the world over. Briggs & Stratton 
Corporation, Milwaukee 1, Wisconsin, U.S. A. 


In the automotive field Briggs & Stratton is the recognized leader 
and world’s largest producer of locks, keys and related equipment. 











New Machines 





—— 


cessories available include chain 
baskets, hose trolleys, I-beam hoist 
trolleys. Keller Tool Co., Gran 
Haven, Mich. 


Fork Lift Trucks: Two gasoline. 
powered models with capacities of 
8000 and 6000 Ib. Features include 
long-life clutch that can be re. 
moved or installed in less than ap 
hour and large heavy-duty disk 
type industrial brakes. Hyster Co,, 
Portland, Ore. 


Turn Tables: Composed of in- 
verted swivel casters which permit 
moving and turning material for 
transfer between conveyors or ma- 
chines, fabrication of sheets, as- 
sembly of heavy units, packing, 
marking, nailing and sealing of 
large containers, etc. Caster wheels 
are of neoprene or other synthetic 
material for protection of finished 
surfaces, or of semisteel for other 
applications. Caster swivels have 
double ball races. Wheels of light 
and medium duty tables have oil- 
less bearings; wheels of heavy duty 
tables have hardened and ground 
steel bushings. Furnished in any 
required size, with or without floor 
supports. Samuel Olson Mfg. Co. 
Inc., Chicago, Ill. 

Overhead Electric Cranes: Range 
from 1 to 20 tons capacity. Fea- 
ture antifriction bearings through- 
out, rotating axles on both bridge 
and trolley, variable-speed magnet- 
ic control operated by pushbuttons 
on floor controlled cranes and by 
master switches in a new pulpit 
type cage on cage controlled cranes. 
All gears operate in oil in sealed 
housings. Available with wide va- 
riety of speeds and heights of lift. 
Shaw-Box Crane & Hoist Diw., 
Manning, Maxwell & Moore Inc. 
Muskegon, Mich. 


Metalworking 


Tapping, Drilling Machine: Elec- 
tric, air controlled unit for use with 
either multiple or single spindle 
drilling and tapping heads, with 
provision for interchangeable work 
holders. Features electrically com 
trolled four-way air valve with 
built-in spindle travel speed COD 
trol. Can be run on continuous 
automatic cycle or single stroke 
operation controlled by foot 
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Bundyweld 





—+ 


Y 
FRAME 


mae | 


Leakproof 


® 
a 





Extra-strong 


DOUBLE-WALLED FROM A SINGLE STRIP Ductile 





High thermal conductivity 
High bursting strength 
High endurance limit 


Shock-resistant 


Been working out a few new ideas lately? 
If tubing is a part of them, then Bundyweld 
is your best bet. Top performance and low 
fabrication costs make it practical for a 
wide choice of applications. 


Bundy engineers are available for design 
or fabrication help, too. Backed up by years 
of experience, they can often point out ways 
to save you time, material and money. Write 
for a catalog today. 

Bundy Tubing Company, Detroit 14, Michigan. 


Lightweight WRITE 


Machines easily <a 


Takes plastic coating 
Scale-free 

Bright and clean 

No inside bead 
Uniform O.D., 1.D. 








BUNDYWELD IS BETTER TUBING 


‘fl - * 
i | = L* WS. 
; SIZES UP 


To ¥g 0.0 4, 


Bundyweld, double- 
wall and braz 
through 360° of wall 
contact. 


passed through a fur- 
nace. Copper coat- 
ing fuses with steel. 
Result... 


continuously rolled 
twice around later- 
ally into a tube of 
uniform thickness,and 


Bundyweld starts as 
a single strip of 
» copper-coated steel. 
Fo 
Bundy Tubing Distributors and Representatives: Cambridge, 42, Mass.: 
Chattanooga Bank Bidg. @ Chicago 32, Iill.: Lapham Hickey Co. 3333 W. 47th Place @ 
Rutan & Co., 1717 Sansom St. © Son Francisco 10, Calif: Pacific Metals Co., Ltd, 3100 19th St. 
Toronto, Ontario, Canada: Alloy Metal Sales, Ltd., 181 Fleet St., E. ¢ Bundyweld nickel 
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: Austin-Hastings Co., Inc., 226 Binney St. e Chattancoge 2, 
New Jersey: A. B. Murray Co., inc., Post Office Box 476 © 3, 
7 Seattle 4, Wash.: Eagle Metals Co., 4755 First Ave. South 


and Monel tubing is sold by distributors of nickel and nickel alloys in principal cities. 


NOTE the exclusive 
patented Bundyweld 
beveled edges, which 
afford a smoother 
joint, absence of bead 
and less chance for 
any leakage. 


Tean.: Peirson-Deckins Co., 823-824 
Penn. 
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MINIATURE 


@ Rotation in either direction 

@ Coaxial shafts for in-line construction 

@ Ball-bearings throughout 

@ Completely sealed 

@ Permanently lubricated for trouble-free 
high/low temperature service 

@ Operate in any position 


Write for Bulletin 99 


@ Compact! Only 4%” overall 

@ Light! Weigh only 51 oz. 

@ Continuously variable speeds over a 
wide range 

@ Knob, lever, push-rod or gear control 
(Lever control illustrated) 


LS SS SV AT ET Ne Ce eH, 


FIXED RATIO 
SPEED 


CHANGERS soe rd 
(Gear Type) SI} te 


® Anti-backlash units .. . virtually zero 


© Only 1.050” diameter! 
backlash in either direction 


@ Single section weighs only 3 oz. 

@ STANDARD ratios from 10:9 to 531,441:1! @ Completely sealed 

® Hobbed gears for smooth, precision running @ Permanently lubricated 
@ Mount in any position 


Write for Bulletin 100 


MINIATURE COMBINATION FIXED AND VARIABLE SPEED CHANGERS 


For applications requiring variable speed at a reduced nominal output speed, 
combinations of Metron Variable Speed Drives and Fixed Ratio Speed Changers 
are available in compact, integral units. Ask for Technical Data, or write 
giving your requirements for prompt engineering recommendations and prices. 


METRON INSTRUMENT COMPANY 


442 Lincoln Street * Denver 9, Colorado 


THelnen 





New Machines 





hand. Single spindle tapping at. 
tachments which take taps up to 
3%4-in. are available from stock, 
Ettco Tool Company Inc., Brook. 
lyn, N.Y. 


Rotary Table: Diameter, 12 in, 
Has four longitudinal T-slots. Top 
is graduated from 0 to 360 de. 
grees; dial is graduated in min. 
utes. Has an adjustable marker 
for fast setups and an eccentric 
cam which disengages the worm 
for production indexing; also hag 
an adjustable stop for positive re 
turn and wear take-up. Accurate 
to within 0.0005-in. in concentric. 
ity and 0.001-in. in parallelism with 
base. Has 734 in. diameter hold- 
down ring and free access to pilot 
hole from the underside for center 
clamping or pulldown. Kenco Mfg. 
Co., Los Angeles, Calif. 


Thread Roller: Model 300 can 
be used on either hollow or solid 
work in various metals ranging 
from nonferrous, through alumi- 
num and magnesium, to hardened 
and stainless steels. Rated at 19, 
440 pieces per hour of external, 
class 3 fit threads rolled in %%-in. 
—13 hollow set screws of SAE 
1035 steel. ‘Planetary die’’ prin- 
ciple distributes thread rolling 
pressure evenly over 30 in. of die. 
Pieces are hopper fed and roll at 
close intervals around circumfer- 
ence of die. Large number of 
pieces simultaneously in work 
makes possible slower die speeds. 
D. H. Prutton Machinery (Co., 
Cleveland, O. 

Radial Arm Machine: Single 
horsepower, for use in small work- 
shops or in the fabrication of light 
metals. Makes straight cuts, mi- 
ters, bevels and compound-miter 
cuts. Can be used with metal cut- 
ting saw blades on aluminum and 
other nonferrous stock or with 
abrasive wheels on small-size steel 
and other ferrous metals. By re 
placing the metal-cutting blade 
with a wood-cutting blade, the ma- 
chine can be converted for normal 
radial arm woodworking opera: 
tions. DeWalt Inc., Lancaster, Pa. 

Instrument Turret Lathe: Small, 
sensitive bench model designed t0 
handle very small parts. Made 
with collet capacities of 3/16 
5/16-in. Equipped with a lever 
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We take the difficult production jobs 


off your shoulders. Roll forming equipment 


speedily turns out intricate sections... 
sized, notched and punched to your 
specifications. Shapes are’rolled with dies 
that are precision-made in our own plant. 


Write for descriptive brochure. 
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operated collet closer, a double too] 
cross slide with a swivel compound 
slide and a self-indexing, six-posgi- 
tion turret. Bed is 18 in. long, and 
turret head has holes %-in, in dj- 
Pine nage ange a & Son Ine, 
s Angeles, if. 
LUBRICATING PUMPS elie fai tat ek 


Pumps built for bearing lubrication service ; 
hand-operated, universal, box and 


up to 500 psi handling lubricating oils. Ask oon ;: 
for free bulletin 1803H. Pees ~ pan brake for bending sheet metal 


COOLANT PUMPS and steel plate. Bends sheet metal 
Viking coolant pumps feature the relief ro- a & up to 18 gage and 24 in. long. 
tor . . . no bypass needed. Handy port Bending edge is sectional in grad- 
location. Just turn casing in bracket to fit = uated widths fitted to a bar. See- 
your piping. Ask for free bulletin 1100H. tions can be adjusted or removed 


HYDRAULIC PUMPS as work requires and can be used 
Suitable for pressures up to 500 psi on hy- , in any combination anywhere along 
draulic oils, intermittent service. 250 psi on the bending edge for folding, box 

continuous service. and pan work, and a variety of 


SS Ask for free bulle- straight bending operations. Posi- 
| IKING tin 303H. tive, cam-action clamp adjusts for 
|| AN HONORED NAME different thicknesses of material. 

IN PUMPING P.M. Minimum size of reverse bends, \,- 
= in.; maximum angle of bends, 135 


degrees; maximum depth of box or 


pan, 3 in. Dries & Krump Mfg. 
Pume Company Pl 


Cedar Falls, lowa Portable Pipe Threader: Has 
power-operated four-jawed chuck 
which eliminates use of wrenches 


or other manual tools in handling 

THis WHETHER IT’S ORIGINAL EQUIPMENT DESIGN = {| pine. can be used for making up, 
iN OR CHANGING OVER TO AIR, YOU MAY SAVE as well as threading, cutting and 
ETI" ENORMOUSLY BY STANDARDIZING ON... | taming. Has pipe or condui 


range of %% to 2 in. and bolt range 


Eight pages, well of 3% to 114-in. Motor is 115-v ac 
illustrated, outlin- or de on any cycle. Other features 
ing Valvair’s unique 


include quick opening die heads; 


advantages for you. ° ope : 
hn Satie os - . Thanks to Diversatility cutter, which is removable for 


thus: x * * short nipples, mounted on front 
“Valvair air control 5 ESPECIALLY ADAPTED TO jaw housing; and flat blade reamer 
valves are the ox- TOOLING AND FIXTURE DESIGN which automatically reams while 
peer oi ae eee - & «+ threading progresses. For bolt 


nal, exclusive, per- 
haps ingenious idea threading, reamer can be removed. 
in design and e@ Valvair Diversatility is an Quijada Tool Div., Gaines-Collins, 
construction. a exclusive, original form of Los Angeles, Calif 
“The objective: § vary standardization. Five basic , ; 
To meet virtually “ , bodies permit incorporating 
countless require- ea ; any one (or two) control 
ments with fewer — , assemblies with a standard Plant Equipment 
Faget a sl ” valve body. Unique Valvair 
pe " advantages enable us to ' ; 
speed your order at no extra Monotube Dryer: Functions it 


Your letterhead ‘ cost. . . Sizes: 14"’ through 1”. clude drying, cooling and recover- 


t will b : ? : 
yr ranch e May we fill your orders now ing by-products and solvents. Op- 


% To 3% G.P.M. 








promptly. eae ee ee erates on conduction principle of 
VALVAIR CORPORATION heat transfer. Available in tw 


Affiliate: Sinclair-Collins Valve Co. 


953 BEARDSLEY AVE., AKRON 11, OHIO trough diameters—2¢4 in. in lengths 


from 5 to 10 ft, and 30 in. i 
lengths from 5 to 20 ft. For treat: 
ing chemicals, pharmaceuticals, 
food and vegetable oil mill prod- 
ucts, etc. Operates at high or low 


3-way, knob-operated 
air control valve. 


REPRESENTATIVES IN PRINCIPAL CITIES 
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Draftsmen work better, 








By holding spindles absolutely rigid and keeping 
motion friction-free, Fafnir Ball Bearings contrib- 
ute much to the vernier accuracy and effortless 
action of the Universal “Boardmaster”. The ulti- 
mate results are more accurate sketches, layouts or 
detailing and “on the nose” template work in faster 
time . . . so important when good engineers and 
draftsmen are scarce. 

At three pivot points, pairs of extra-light, com- 
pact single row, Fafnir Ball Bearings give finger 
touch ease of movement without a trace of play. 
At the “centralized control unit”, a large diameter 





Standard 


Plya-Seal Type 
Bearings 


Wide Inner Ring 
Radial Ball Bearings 


Bearings with Mechani-Seals 


faster with this machine... 





PHOTOS BY COURTESY OF THE UNIVERSAL DRAFT|NG MACHINE CORPORATION 


Fafnir Bearing is used together with paired, pre- 
loaded and pre-lubricated Fafnirs. Six of the seven 
Fafnir Bearings used are Plya-Seal Type, which 
prevent lubricant leakage, keep out contaminants, 
and are lubricated for life. 


The faculty for providing custom-made types of 
bearings out of stock . . . from the most complete 
line in America . . . makes Fafnir the first source 
consulted by leading manufacturers. Maybe you 
can solve bearing problems this easy way. The 
Fafnir Bearing Company, New Britain, Conn. 















from 
any 
point 
of view 


you'll do better 








You'll find it easy to do better work with 
Arkwright Tracing Cloth—and here are three 
specific reasons ‘why: 
1 You can re-ink razor-sharp lines over any 
erasure without “feathering” or “blobbing”. 
2 You're never slowed down by pinholes, 
uneven yarns or other imperfections. 
3 You can always count on clean, 
clear reproduction—even years after 
ou make the drawing. Arkwright 
racing Cloth is permanently 
transparent—won’t turn opaque, 
brittle or paper-frayed with age. 
They’re important reasons for putting 
your best work on Arkwright Tracing 
Cloth. Like a sample? Write 
Arkwright Finishing Co., Industrial 
Trust Bldg., Providence, R. I. 


Pay. 
AMERICA’S * tnt FOR 
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temperatures. Light, fluffy mate. 
rials such as cake tiour and cotton. 
seed meal can be dried. Can be 
used for products which must be 
dried at temperatures above or be. 
low that of steam, by using an- 
other medium such as hot water 
for lower temperatures and hot oi] 
or other liquid for h.gher tempera- 
tures. Can also serve as a cooler 
by using water, refrigerants or 
other cooling media, or, by the 
process of condensation, can ex- 
tract by-products and _ solvents, 
Solvent in wet solids is carried out 
of the dryer by warm air and 
cooled beyond the dew point. Link- 
Belt Co., Chicago, Il. 

Are Welder-Battery Charger: 
Model 175-BC handles rods from 
1/16 to 3/16-in. Features 15 to 
175-amp output range, 140-amp 
rated output, 25-v are voltage, 65-v 
open circuit voltage, 75 per cent 
power factor correction, 50 per 
cent duty cycle at rated amperage 
load, 20 per cent duty cycle above 
rated amperage load, 36-amp dra’ 
at 220-v, 7.9 KVA at rated output, 
6 de amp battery charging rate. 
Also available without battery 
charging circuit. Mid-States Weld- 
ing Mfg. Co., Chicago, I. 

Engine-Generator: Model 4500 
operates many portable tools such 
as cut-off saws, electric chain saws, 
masonry saws, concrete vibrators 
or lights. Designed for full output 
at 115-v, 60-cycle ac power. Has 
motor starting capacity of 4500 w, 
which is sufficient to start and run 
motors up to 14%4-hp. Intermittent 
rating is 3000 w; continuous rating 
is 2500 w. Available with either 
standard tubular cradle base oF 
portable base attachment consist- 
ing of a single handle and semi- 
pneumatic rubber tired wheels. 
Designed for maximum portability 
with either a Briggs & Stratton 
No. 23 or Wisconsin AEN four 
cycle engine. Wincharger Corp. 
Sioux City, Ia. 


Processing 


Roller Coater: Equipped with 
three sets of rolls; has auto 
matic infeed and off-bearing com 
veyors. Rubber nip rolls convey 
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into your 
products, too 


You, too, can design more reliable, 
lower-cost power transmission into 
your products when you specify 
quality Morse Power Transmission 
equipment. 

In the new, advanced Stamets 
Shell Turning Lathe shown above, 
a %4”-pitch x 4”’-wide Morse Silent 
Chain Drive functions as primary 
drive from 75-HP motor. The smaall 
carriage drive is a 14”-pitch x 1”- 
wide Morse Silent Chain Drive. 
Both drives are the result of Morse 
engineers working closely with 
Stamets engineers during lathe’s 
design phase. 

Morse Silent Chain Drives are 
built around the exclusive Morse 


Rocker Joint, which converts slid- 
ing action into rolling motion. The 
chains transmit power with more 
than 99% efficiency, can’t slip. 
They reduce friction, heat, and 
noise. Morse Silent Chains give 
extra-long service life, with fewer 
service interruptions and lower 
operating costs — proved advan- 
tages delivered by all Morse Power 
Transmission Products. 


Whether your need is for better 
power transmission through silent 
or roller chain drives, flexible cou- 
plings, drive shafts, or clutches, 
turn to Morse as Stamets has. Write 
us about any application you have 
in mind. 


M=PT, Morse means Power Transmission 


MORSE CHAIN COMPANY 
Dept. 396 @ 
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7601 Central Ave. @ 


Detroit 10, Michigan 
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workpieces from infeed conveyor 
through a set of brush rolls for 
cleaning and then through a get 
of hardened steel coating rolls 
Doctor rolls, controlled by a cal. 
ibrated handwheel with microm. 
eter adjustment, gage the thick. 
ness of the compound coating, 
Pressure on the coating rolls ig 
applied by two 6-in. diameter air 
cylinders. Pressures from 0 to 
160 Ib can be achieved. Pressure 
behind the hardened steel coating 
rolls provides a deburring action 
on workpieces and at the same time 
presses the compound into the pores 
of the metal. Variable-speed coat- 
ing rolls adjust for stock thickness 
from 30-gage to %-in. and will 
take widths from 1 to 112 in. A 
curculating pump provides a con- 
tinuous supply of compound to 
coating rolls. Machine can apply 
compound to one or both sides of 
| the metal. Union Tool Corp., War- 
saw, Ind. 

Heat-Treating Furnace: Model 
FG-76 designed for continuous 
duty. Performs efficiently at all 
heat levels up to 2500 F, with high- 
er temperatures available for short 
or intermittent runs. Constructed 
of heavy, gas-tight, electrically 
welded steel. Element parts are 

_ gasketed and tightened by means 
| of thumb screws. Gas valve is at- 
custom-engineered to specific requirements. | tached to door pedal and actuated 

by its movement so that the flame 

Utilizing the most modern techniques, our Engineering Staff curtain ignites as the door is 

opened and turns off when the door 
_ is closed. Can be adapted for use 
notably successful results. By ingenious mold designing and skillful in reducing as well as oxidizing 

. | atmospheres. Chamber size, 8 in. 
compounding, yesterday's skepticism of rubber for certain uses has wide by 16 in. deep by 6 in. high; 
overall size, 33 in. wide by 40 in. 
| deep by 70 in. high. Pereny Equip- 

applications in countless vital assemblies. | ment Co., Columbus, O. 

Consult our engineers on your next pre- 

cislon melded collier em. She aa, Testing and Inspection 

send for a copy of the “Acushnet Rubber 

Handbook", « comprehensive rubber data Electrical Comparators: Each 
PROCESS COMPANY reference for molded rubber ports. one of new line provides four gag- 


ing ranges. Utilize electromagnetic 
principle of magnifying the move- 
ment of the spindle tip. Spindle 


pressure is adjustable from 4 1 
40 oz. Spindle lifter is supplied 
to facilitate checking of very small 
or delicate parts. Gaging head 
swivels 360 degrees in both hor 


Address all communications to 762 Belleville Ave., New Bedford, Mass. | zontal and vertical planes and cal 











ACUSHNET specializes in “precision” molded rubber parts 


constantly is developing new approaches to old problems, with 


changed to complete confidence in this versatile material as ideal for 





308 MACHINE DESIGN—November 1952 





BOEINGS 4 LEAGUE BOOTS 
MAKE HAPPY LANDINGS” 





CHIASAN 


<a _ - 
ae a. a 


More and more airframe manufacturers 

are turning to CHIKSAN Aero-Hydraulic Swivel 
Joints and assemblies —to insure maximum safety, 
dependability and economy in their flexible lines. 


Boeing's B-47 STRATOJET Bomber, the fastest 
known bomber in the world, relies on CHIKSAN 
Aero-Hydraulic Swivels to bring this 185,000 
pound sky-giant to feather smooth stops. 


Boeing's complete confidence in CHIKSAN Aero- 
Hydraulic Swivel joints’ performance is confirmed by 
their selection of Chiksan joints for Boeing's 

B-47; B-50 and B-52 — three giants of the air lanes. 


The requirements of each airframe manufacturer become 
the subject of specialized study by CHIKSAN’s _ — Relies on 


Engineering, Research and Development Division. 


Hydraulic Joints and Assemblies are designed 
to meet each individual requirement. Designs 
are available for all aircraft applications 
handling hydraulics, fuels, oils, water, air, “Ss 
i % 


d fluids. 
oxygen and other fluids Pall Reaping Swivel Jams 


Write CHIKSAN today for Catalog 2 


“Aircraft Swivel Joints” — Dept. 11-M eRe Se Re See 


CHIKSAN Aero-Hydraulic CHIKSAN low torque joints are also 
swivel joints and assemblies used in conjunction with rubber hose. 
for 1000 to 3000 psi systems This combination, utilizing the CHIK- 
surpass all standards set down SAN swivel action at end of hose, 
for both civilian and mili- : provides flexibility and reduces kink- 


tary use. ing, twisting, and tearing of the hose. § 


CHIKSAN Aero-Hydraulic 
swivel joints and assem- 
bly used on the Boeing 
B-50 braking system. 


CHIKSAN COMPANY + BREA, CALIFORNIA 7 Chicago 28, Illinois * Newark 2, New Jersey 
Well Equipment Mfg. Corp. (Division), Houston 1, Texas * Chiksan Export Company (Subsidiary), Brea, California * Newark 2, N. J. 
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FOR BETTER 


SPEED CONTROL 


USE 


MODERN 
ELECTRONIC 


ENGINEERING 


GIVES 
PRECISE 


FINGERTIP 


SPEED CONTRO 


¢ TACHOMETER 
PROPORTIONING 


TENSION OR 
POSITION CONTROL 


MOTOR INTEGRATORS 


BI-DIRECTIONAL 
DYNAMIC BRAKING 
SERVO CONTROL 


Sewe Te 


products co 


4 Godwin Ave Paterson, N. J 
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be removed for use in special gag- 
ing setups or in remote indication 
setups. Standard models have gag- 
ing capacity of 614-in. maximum 
height and 4-in. depth. Special 
long column available which pro- 
vides effective checking height of 
20 in. Large three and four-point, 
and multiple V-anvils, back stops 
and special flat and long spindle 
tips are available for production in- 
spection. The DoAll Co., Des 
Plaines, I. 


Ultrasonic Micrometer: Meas- 
urements within 0.5 per cent of 
actual thickness can be obtained 
from one side of materials with 
smooth surfaces. Instrument can 
be used on homogeneous materials 
such as steel, brass, aluminum, 
copper, glass, lucite and other 
dense substances capable of trans- 
mitting the ultrasonic waves gen- 
erated by a vibrating crystal. 
Measures thickness by determining 
frequency at which resonance of 
high-frequency sound waves occurs 
in the material under test. Res- 
onance is indicated by maximum 


deflection of a meter and maximum 
strength of a tone audible in the 
headphones. Designed to operate 
with high precision over infinite 
series of relatively narrow thick. 
ness ranges between 0.010 and 12 
in. Plug-in frequency coils and 
matched dials for desired frequency 
permit selection of specific fre. 
quency best suited to required 
thickness range. Branson Instry 
ments Inc., Stamford, Conn, 
Meter Tester: For testing and 
calibrating de instruments. Meag- 
ures internal resistance of sensitive 
instruments without exceeding full- 
scale rating of the instrument un- 
der test. Has regulated power sup- 
ply, stepless vacuum tube voltage 
control, illuminated 8% in. mirror- 
scale, hand-calibrated standard in- 
strument, decade of 0.1 per cent 
accurate Manganin wire wound 
resistors. Range, 25 microamps 
full scale to 10 milliamps full scale, 
and 0-100-v. Overall accuracy is 
better than 0.25 per cent. Resist- 
ance range, 0-5000 ohms. Operates 
on power source of 115 v, 60 cycles, 
ac. Size, 154% by 10% by 5% in; 
weight, 15 lb. Marion Electrical 
Instrument Co., Manchester, N. H. 





WRITE FOR “THE STORY OF METAL SPINNING." 


Find out how 


engineers design for lower costs; how to use the Teiner experi- 
mental shop and how Teiner provides all-gauge — all-metal — 
any-quantity spinning for industry. Read about this spinning 
shop, now largest in the east -~7 tops in scientific experimental 


spinning. Ask for Brochure 52 D, 


TEINER 


COMPANY 


34 TREM 


NT ST., EVERETT 49 


INCORPORATED 
S 7-7 808 


MASS Tel. EV 
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